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CFD comparison exercise within TRAPOS

3D - test case : Göttinger Straße

TRAPOS Workshop , 28.-30. May 2000, Nantes

Matthias Ketzel MKE@dmu.dk; Petroula Louka, Peter Sahm, Georgios Theodoridis

Field / wind tunnel data: W.J. Müller(NLÖ Hannover), J.Liedtke et al.(MIHU)
Objectives of the exercise:

· to use a ‘real’ case for application of CFD codes

· to see how different CFD codes perform at exactly the same configuration
· to see what differences appear for three K--models
· to see how the CFD results compare with field data and wind tunnel results

· to give hints for improvements in the models and in the application procedure (input requirements, sensitive parameters, …)

Map of the modelling area:
[image: image1.wmf]
Plot of the grid in perspective

[image: image2.wmf]observation point

meteorological mast


Inflow conditions:

The inflow profile is defined by the parameters z0, Href and U(Href):

Href 

= 100 m

U(Href) 
= 10 m/s

z0 

= 0.05 m (inflow)

z0_ground 
= 0.01m

z0_wall 
= 0.01m

with 
= 0.4 :    u* = 0.5263 m/s
u = u* /  * ln(z/z0)

{m/s}

 = 3.644E-01 / z


{m2/s3}

TKE = 1.09680767 -…z+ …z6 (polynomial fit) ( 1
{m2/s2}
wind direction WD = 0°, 20°,…, 340°

Inflow wind tunnel:

parameter
unit
wind tunnel
CFD-exercise 

n

-
0.28

- 

potential exponent

Tu(z=30m)
-
0.25

-

turbulence intensity (<u'(z)^2>)^0.5/u(z)

u*/u<d>
-
0.055

-
u<d> = u at upper border of boundary layer

z0_inflow
m
1

0.05

z0_ground
m
0.000???
0.01

Href

m/s
100

100

U(Href)
m/s
10

10

u*

m/s
0.869

0.526

Line sources in Y- direction; 

width = 17 m (4 boxes)

length = 180 m

height = 3m (1 box)

RESULTS to be plotted:

at receptor point (k=1; z=1.5m): values of 

K= C*U(100m)*H_scal / (Q/L), 
U(100m)=10 m/s, H_scal=20 m 

fields of U V W P TKE  K for XY-plane at level k=2 (3..6m) and k=4 (9..11m) 

Wind direction profile at the anemometer point
TASCflow
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MISKAM
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Chensi
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Wind  speed profile at the anemometer point
TASCflow
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MISKAM
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Epsilon profile at the anemometer point
TASCflow
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MISKAM
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TKE profile at the anemometer point

TASCflow
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MISKAM
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[image: image15.emf]Göttinger Str. , wind speed  at anemometer position (above roof)
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Vertical wind speed (isolines) and horizontal wind field (arrows) for WD=100°.
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Vertical wind speed (isolines) and horizontal wind field (arrows) for WD=260°.
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Vertical wind speed (isolines) and horizontal wind field (arrows) for WD=260°.
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Vertical wind speed (isolines) and horizontal wind field (arrows) for WD=320°.

[image: image19.wmf]2

0

0

2

1

0

2

2

0

2

3

0

2

4

0

2

5

0

1

8

0

1

9

0

2

0

0

2

1

0

2

2

0

2

3

0

2

4

0

2

5

0

2

6

0

2

7

0

T

A

S

C

f

l

o

w

K

2

3

2

0

2

0

0

2

1

0

2

2

0

2

3

0

2

4

0

2

5

0

2

0

0

2

5

0

W

1

.

8

1

.

4

4

1

.

0

8

0

.

7

2

0

.

3

6

0

.

1

5

0

-

0

.

1

5

-

0

.

3

6

-

0

.

7

2

-

1

.

0

8

-

1

.

4

4

-

1

.

8

M

I

3

6

G

2

2

K

2

3

2

0

2

0

0

2

1

0

2

2

0

2

3

0

2

4

0

2

5

0

1

8

0

1

9

0

2

0

0

2

1

0

2

2

0

2

3

0

2

4

0

2

5

0

2

6

0

2

7

0

C

H

E

N

S

I

K

2

3

2

0


Pressure field for WD=100°.
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TKE [m²/s²] for WD= 260°. 
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X-Z Plane for TKE values at j=33
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Epsilon [m²/s³] for WD=260°. 
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Diffusion coefficient Km [m²/s] for WD=100°.
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Diffusion coefficient Km [m²/s] for WD=260°.
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Dimensionless concentrations C* for WD=100°. 
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Dimensionless concentrations C* for WD=260°. 
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Dimensionless concentrations C* for WD=260°. Vertical plane j=33
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[image: image29.emf]Göttinger Straße - normalised concentrations 
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[image: image30.emf]Göttinger Straße - normalised concentrations 
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[image: image31.emf]Göttinger Straße - normalised concentrations

relative to field data 
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[image: image32.emf]Göttinger Straße - normalised concentrations 
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Results:

1. vertical profiles at anemometer position

· good overall agreement for WD, WS, 
· TKE increases in MISKAM for H=60m … 30m up to factor 9

· almost no increase in TASCflow and Chensi

2. wind fields (K=2; Z= 3..6m)

· the general flow fields show qualitative similarities, e.g. quite pronounced "Non-2 dimensional behaviour" for wind perpendicular to the canyon. That means strong wind components parallel to the street and less pronounced vortex.

· TASCflow and Chensi produce a less clear vortex, in the street canyon

3.   and TKE fields(K=2; Z= 3..6m)

· MISKAM gives essential higher values in the re-circulation areas (factor 10 ..30)

4. concentration(K=2; Z= 3..6m)

· TASCflow and Chensi give in general higher conc. inside the canyon than MISKAM (factor 2..4 in average)

· in Chensi and TASCflow the maximum concentrations do not appear on the leeward walls, more in the centre of the street or towards the windward side wall

· good agreement between Chensi and MISKAM for 100° ... 220°

· peak at 280° is in Chensi essentially more pronounced than in the other models and field data, the results are closed to the wind tunnel data

· TASCflow and MISKAM show similar dependence of concentration on WD at the receptor point (Z=1.5)

Summary: The differences in the concentration calculated by the CFD models are not acceptable! There is need for explanations and improvements.

Some questions to discuss:

· reasons for discrepancies: 


a)  physics

b)  numerics 

c)  boundary / inflow conditions 
- large scale WD fluctuations (neither in CFD nor in wind tunnel)
- urban roughness; displacement height
- traffic ind. turb.

d)  …?
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