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Preparation
Results

Preparation of the wind tunnel model
Measurements take place in the boundary layer wind tunnel of
the TU Dresden
Dimensions of the test section: 1.2m high, 1.4m wide and 8m
long

Test section of boundary layer wind tunnel
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Preparation
Results

Preparation of the wind tunnel model
Adjustment of the boundary layer

Initialized by counihan-generators with bases and roughness
elements

Counihan-Generator

Base of a Counihan-Generator

Roughness element Total set-up
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Preparation
Results

Preparation of the wind tunnel model
Boundary conditions

Determination of the spatial correlation
Coefficient of correlation:

RK (z) =
u′1u′2√
u′21 · u′22

RK (z) =

∑
i (u1 i − ū1) · (u2 i − ū2)√∑

i (u1 i − ū1)2 ·
∑

i (u2 i − ū2)2

V.Hildebrand,Th. Eipper, 09.09.2010 Measurement of turbulent exchange processes downstream a single tree trunk 5 / 31



TurbeEFA
Second phase

Laserscans

Preparation
Results

Preparation of the wind tunnel model
Boundary conditions

Measurement with two Hot-Wire-Probes along the z-axis
Refenrence height: 65mm
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Preparation
Results

First simulation of “Wildacker”
Profiles for “Main Tower”
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Single Trunk
Single Tree
Reference Experiment
Measurement of dispersion processes

Second phase
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Single Trunk
Single Tree
Reference Experiment
Measurement of dispersion processes

Measurement behind a single trunk
Single trunks of a spruce, chestnut etc.
1550mm long, approx. 300mm wide
Measurements of mean velocity and turbulent intensity around
the trunk

Trunk in horizontal assembling Trunk in vertical assembling
with ∆min = 0.28 m
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Single Trunk
Single Tree
Reference Experiment
Measurement of dispersion processes

Measurement behind a single trunk

Measurements take place in the low speed wind tunnel of the TU
Dresden

Test preparation
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Single Trunk
Single Tree
Reference Experiment
Measurement of dispersion processes

Measurement behind a single trunk
Test procedure

Two trunks with different roughness

Trunk 1 (spruce) Trunk 2 (pine)
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Single Trunk
Single Tree
Reference Experiment
Measurement of dispersion processes

Measurement behind a single trunk
Test procedure

Measuring methods: Hot-Wire-Anemometry (HWA) and
Particle-Image-Velocimetry (PIV)
Modification of angle of attack (-90◦ - 90◦) and tilt angle (0◦ - 40◦)
Flow rates of 3 m/s, 5 m/s and 10 m/s
Measuring height z=650mm
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Single Trunk
Single Tree
Reference Experiment
Measurement of dispersion processes

Measurement behind a single trunk
Measuring methods

HWA: + High spatial and temporal resolution
- Fluid flow is affected by the probes
- Long testing time

PIV: + Non-contact method
+ 2D flow field
- Needs high memory capacity and

processing power
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Single Trunk
Single Tree
Reference Experiment
Measurement of dispersion processes

Measurement behind a single trunk
Effect of the flow rate

Measuring with two HWA-probes along the y-axis
Reference position: y=100mm
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Single Trunk
Single Tree
Reference Experiment
Measurement of dispersion processes

Measurement behind a single trunk
Flow around a smooth circular cylinder

Influence of the Reynolds number
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Single Trunk
Single Tree
Reference Experiment
Measurement of dispersion processes

Measurement behind a single trunk
Effect of the surface roughness

Measuring with two HWA-probes along the y-axis
Reference Position: y=100mm
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Single Trunk
Single Tree
Reference Experiment
Measurement of dispersion processes

Measurement behind a single trunk
Flow field

Measuring with one HWA-probe
Area of 400mm times 400mm
Mean velocity
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Single Trunk
Single Tree
Reference Experiment
Measurement of dispersion processes

Measurement behind a single trunk
PIV data analysis

Scattered light of the particle Raw data vector field
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Single Trunk
Single Tree
Reference Experiment
Measurement of dispersion processes

Measurement behind a single trunk
PIV data analysis

Smoothing method Streamlines Vorticity
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Single Trunk
Single Tree
Reference Experiment
Measurement of dispersion processes

Measurement behind a single trunk
Structure of the data base

Mean document
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Single Trunk
Single Tree
Reference Experiment
Measurement of dispersion processes

Measurement behind a single trunk
Structure of the data base

Link to a single sheet
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Single Trunk
Single Tree
Reference Experiment
Measurement of dispersion processes

Measurement behind a single trunk
Structure of the data base

Single sheet
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Single Tree
Reference Experiment
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Measurement behind a single trunk
Structure of the data base

Data sheet
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Single Trunk
Single Tree
Reference Experiment
Measurement of dispersion processes

Measurement behind a single tree
Single tree at a scale of approx. 1:25
Reinforced with liquid class (for example)
Measurements of mean velocity and turbulent intensity around
the trunk

Schematic assembling in the wind tunnel Possible tree

V.Hildebrand,Th. Eipper, 09.09.2010 Measurement of turbulent exchange processes downstream a single tree trunk 25 / 31



TurbeEFA
Second phase

Laserscans

Single Trunk
Single Tree
Reference Experiment
Measurement of dispersion processes

Reference experiment

Arrangements of model trees made of metallic mesh
Metallic mesh: steel wires with 0.5mm diameter and mesh size of
3mm
Measurements in, around and behind the arrangements

Model of metallic mesh Possible arrangement Possible arrangement
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Single Trunk
Single Tree
Reference Experiment
Measurement of dispersion processes

Measurement of dispersion processes

Improvement of the experimental set-up
Use of digital models of the topography and the canopy
Implementation of contactless measurement technics

Model of the “Wildacker” in the wind tunnel Digital model of the topography
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Terrestrial Laser Scanning
Laser Scanning of Single Structures

Laserscans
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Terrestrial Laser Scanning
Laser Scanning of Single Structures

Terrestrial laser scanning

Laser scan of the “Wildacker” from ground and the top of a tower
Determination of point clouds
Determination of leaf area index

Point clouds resulting from terrestrial laser scans
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Terrestrial Laser Scanning
Laser Scanning of Single Structures

Laser scanning of single structures

High resolution scans of smaler plants
Structure of surface areas can be determined
CAD-models can be produced out of the measurements

Indoor plant: picture (left),laser scan (middle) and the details (right)
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Terrestrial Laser Scanning
Laser Scanning of Single Structures

Thank you for your attention.
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