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Atmospheric Boundary Layer Wind Tunnel
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Atmospheric Boundary Layer Wind Tunnel
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Atmospheric Boundary Layer Wind Tunnel
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Atmospheric Boundary Layer Wind Tunnel

.'--’-,-

Schematic

(7))
| -
D
<
)
=
ey
©
| -
)
0p
=
O
LL

N
_I
Z
5
S
w
Z
O
O
5
<
»
O
ad
<
o3
O
Z
4
LL|
L
Z
O
Z
LL]
a
o
<




o _'\'".'
L
>

Atmospheric Boundary Layer Wind Tunnel
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Atmospheric Boundary Layer Wind Tunnel
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Typical Applications
Wlnd Induced Buﬂdmg Loads

e by CPP
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Photo provided by the National Oceanic and Atmospheric Administration

Superdome and New Orleans Arena

John Hancock Building - Boston
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Typical Applications
Pedestrian Level Wind Environment

' 1HIS BUILDING WAS OBVIOUSLY NOT
PEDESTRIAN WINDS ..27
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Typical Appllcatlons
Plume Dispersion
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Typical Applications
Airflow in Complex Terrain Environments
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Physical Modeling
Theory

Navier-Stokes Equations

Continuity

g(pv)w.(pw):_vmv.ﬂpp

Momentum

%+v-(pv)=o

Energy

%(p@)—l—v-(pve):—pv-v-l-fZVV—V-C{
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Physical Modeling

Scaling Parameters

Cpp

Undistorted scaling geometry

Equal dimensionless boundary and approach
flow conditions

Equal Rossby number — U/LQ

Equal gross Richardson number —
[AT/T](L/U?)g

=0
=0

=0

ua
ua
ua

Reynolds number — UL/U
Prandtl number - n/(k/rC,)
Eckert number — U4/[C,(AT)]
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Physical Modeling

Scaling Parameters

Cpp

Undistorted scaling geometry

Equal dimensionless boundary and approach
flow conditions

Cgual ROSSOY nuimoer — U/L$2
Equal gross Richardson number —
[AT/T](L/U?%)g

Equal Reynolds number — UL/D
Equal Prandtl number - n/(k/rC)
Equal Eckert number — U?/[C (AT)]

WIND ENGINEERING & AIR QUALITY CONSULTANTS



Physical Modeling

Scaling Parameters

 Undistorted scaling geometry

 Equal dimensionless boundary and approach
flow conditions

‘ FN IAI hAAAIA llll MIAA IIII n
yual Mooy 11UIllivcl — U/lL.A4

‘ FN I AAAAAA AIAA AI AAAAAA IAAI‘
|:L|ua| ylruoo r\IbIIaIUDUII IIUIIIUCI -

TATI/T1/1 1 12\~
TESNANICIASANLY

 Equal Reynolds number — UL/UD

Py CrAniiAal DrandA+tl niiomhArv B Sy VA VE P oY
| I U CAl 1 1 CATITUALL TITUIIIN U] LA/ \ T\/ L\
Y \ Y,
¢ ChriiAal CAl-Avvy niirmhAv | 7Irl > AT\
I U IITUIIINGOCI U p\“l}]
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Physical Modeling

Scaling Parameters

(%) _(%j
v model v fullscale

(L)model - (L)ﬁJIIscaIellOO

(U )model = (U )ﬁJIIscaIe

x100=1000m/s

Tutiscaie

cpp WIND ENGINEERING & AIR QUALITY CONSULTANTS




Physical Modeling

Reynolds Number Independence

« Ensure a fully turbulent wake flow

Terrain or Building Reynolds Number greater
than 11,000 (ReT = UH./D)

U =10m/s
H =0.25m

U =1.15x10"° m?/s
R, =217,391

cpp WIND ENGINEERING & AIR QUALITY CONSULTANTS




History

Timeline

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

Abe (1929) studies
alr flow over a scale
model of Mt. Fuiji

cpp WIND ENGINEERING & AIR QUALITY CONSULTANTS




History

Timeline

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

Golden (1961) Defines
minimum acceptable
Reynolds number to

achieve Reynolds number
iIndependence
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History

Timeline

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

Cermak and Davenport
(1964) measured wind
loads on a scale model of
the World Trade Centers In
New York
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History

Timeline

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

Cermak (1975) Publishes
Fiid Mishastes Freeman Scholar Lecture on
i \vind tunnel simulation methods

Applications of

(Resulting in wind tunnel
modeling being accepted by
most building codes)
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History

Timeline

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

US EPA (1981) Publishes
Fluid modeling guideline
for wind tunnel simulations
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History

Timeline

Cpp

A properly executed wind tunnel study
IS, In effect, equivalent to an analog
computer with near infinitesimal
resolution and near infinite memory.

The basic equations are solved by
simulating the flow at a reduced scale,
then measuring the desired quantity

- U.S. EPA Fluid Modeling Guideline
WIND ENGINEERING & AIR QUALITY CONSULTANTS



History

Timeline

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

By 2009 over 5000
building have been testing
In an atmospheric
boundary layer wind

PR tunnel, including the
worlds tallest Burj Dubal
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History
Validation in Wind Energy Applications
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Hlstory
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History
Validation in Wind Energy Applications

—~
S
~
—
<
2
(]
I

80

60

40

20

0

80

60

40

20

0.0

0.2 0.4

0
0.6 0.8 1.0 : 0.0 50 10.0 15.0 20.0 25.0 30.0 35.0 40.0

Velocity (UlUref) Turbulence Intensity (%)

& Measured
Met Mast - Stable

B Met Mast - Neutral & Measured B Met Mast - Neutral
Met Mast - Unstable Met Mast - Stable Met Mast - Unstable

WIND ENGINEERING & AIR QUALITY CONSULTANTS




Conducting a Wind Tunnel Study

Create 3-D representation in CAD
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Conducting a Wind Tunnel Study
Create Physical Model using a 3-D Mill
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Conducting a Wind Tunnel Study

Establish an Atmospheric Boundary Layer

Data Power Law Data Log Law

Target
n= 0.09 n= 0.12 n= 0.10
intercept = 0.006 U* = 0.320 z0 = 0.0003
Z0 = 0.0001

Mean Velocity Profile

Turbulence Intensity Profile
1.20 qoazemnaeeoy R g R S Q-

Turbulence Intensity, Urns/U, %

O Data ——Target
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Conducting a Wind Tunnel Study

Install Model in the Wind Tunnel =
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Conducting a Wind Tunnel Study

Measure wind speeds using a 5-holed probe mounted on a 3-D

fraverse
>y £ .-;:,1 5-Holed Probe Used to
. % Measure the Local Wind Vector

and Turbulence Intensity

Velocity Vector

Definition of flow angles; x axis defines the approach wind direction
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Conducting a Wind Tunnel Study

Measure wind speeds using a 5-holed probe mounted on a 3-D
traverse
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Flow Visualization —— r
270 Degree Wind Direction :
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Flow Visualization
270 Degree Wind Direction
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Flow Visualization
239 Degree Wind Direction
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