TWO-DIMENSIONAL MULTIPLE STREET CANYON CONFIGURATIONS

Case overview 

The cases considered in this intercomparison exercise, have been studied experimentally by Rafailidis and Schatzmann (1995) and Rafailidis (1997) (see also the World Wide Web page http://www.mi.uni-hamburg.de/technische_meteorologie/windtunnel/street02/overview.html). In these experiments, two-dimensional wind-tunnel models, corresponding to multiple street-canyon configurations with a variety of canyon aspect ratios (street width B to building height H) and roof shapes, were placed in a simulated deep urban boundary layer (see Figure 1, top). Velocity and turbulence intensity profiles were measured along vertical lines over the roofs at several locations. A tracer gas was emitted by a line source S placed at the bottom of one street canyon. A flat plate was placed at a distance of 1mm over the line source in order to remove the upward momentum of the tracer gas. Concentrations were measured at various locations of the neighbouring walls as illustrated in Figure 1, bottom. 

Non-dimensional concentrations K=CUHL/Q were reported, were C [vol/vol] denotes the tracer concentration, U[m/s] is the free stream velocity, H[m] is the building height, L[m] is the length of the line source and Q[vol/s] the source strength. 

From the available experimental cases, two two-dimensional multiple street canyon configurations with flat roofs will be studied (slanted roofs will be considered in a future study):

· A square one (B/H=1) and

· a deep one (B/H=0.5) .
In both cases the computational domain consists of five street canyons. A typical computational grid with 201´41 grid points in the horizontal and vertical directions, respectively, over the roofs, and 21´21 points within the street canyons is illustrated in Figure 2.

At the main inflow boundary (see Figure 2), the profiles of the horizontal velocity U, the turbulent kinetic energy k and the rate of dissipation e are specified, such as to match the corresponding experimental conditions, while zero values are assigned to the vertical wind velocity V and the concentration C. A tracer gas is emitted by a source placed at the bottom of the central street canyon (denoted as S in Figure 2). At the outflow boundary (see Figure 2), the gradients with respect to the streamwise direction are set to zero. At solid walls, the no-slip condition is applied. At the upper, free-stream, horizontal boundary, placed at a distance of 7H over the flat building roofs, symmetry boundary conditions can be applied. 

Details on the proposed grids, indexing of special locations and boundary conditions for both cases can be found in Appendix I. Specifications for the requested results are provided in Appendix II.
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Figure 1. Experimental set-up of the two-dimensional urban configuration (top); locations of measuring tapping holes (bottom). From Rafailidis and Schatzmann (1995).
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Figure 2.  Proposed grid, indexing of special locations and boundary conditions for the square cavity case.

APPENDIX I 

GRID, SPECIAL LOCATIONS AND BOUNDARY CONDITIONS FOR THE SQUARE AND THE DEEP STREET CANYON

The proposed grids for the square (B/H=1) and deep (B/H=0.5) cases are defined in files grid_000_wf.dat and grid_000d_wf.dat, respectively. In each of these files the following 

information can be found:

id, jd (number of grid lines in i and j directions, respectively)

x(i),i=1,id (vector with the physical locations of vertical grid lines)

y(j),j=1,jd (vector with the physical locations of horizontal grid lines)

where x is the main flow direction and y is the vertical direction.

Other special locations

The leeward (l) and windward (w) wall locations for cavity number n

(cf. Figure 2) can be found  bellow: 

           Square case  

|---|----|----|-----|-----|----|

|n  |  1 |  2 |  3  |  4  |  5 |

|---|----|----|---- |-----|----|

|inl| 11 | 51 | 91  | 131 | 171|  

|---|----|----|---- |-----|----|

|inw| 31 | 71 | 111 | 151 | 191|

|---|----|----|-----|-----|----|

           Deep case  

|---|----|----|-----|-----|----|

|n  |  1 |  2 |  3  |  4  |  5 |

|---|----|----|---- |-----|----|

|inl| 16 | 61 | 106 | 151 | 196|

|---|----|----|---- |-----|----|

|inw| 31 | 76 | 121 | 166 | 211|

|---|----|----|-----|-----|----|

The roof of all buildings is defined at j=j_roof=21

The source of the tracer gas should be applied at j=1, i=99,100,101,102,103 for the square

and at j=1, i=112,113,114,115 for the deep case.

Rafailidis (1997) provided measurement data for

   __  __ ____

U, u', v' u'v' along a vertical line over the centre of the roof.
The inflow data of this domain were prepared using the following principles:

   __   __        __   __                      __        __   __

k=(u'^2+v'^2+0.5*(u'^2+v'^2))/2. (It was assumed that w'^2=0.5*(u'^2+v'^2) 

     __     __
where u' and  v' come directly from the data of Rafailidis, 1997)
epsilon=u*3/(kappa*y) (u*= friction velocity, kappa=0.4 and y =  the vertical distance from roof level)

By computing the best fit for the U, k and epsilon experimental data, the following formulae, to be used at inflow (i=1), were specified:

U=-16864*y**6 + 24442*y**5 - 13891*y**4 + 3916.9*y**3 - 578.67*y**2 + 49.314*y+ 2.2376 

for y>0.02 (y always in [m], y=0 at roof level.)
U=0.7107*ln(y) + 5.7735 for 0<y<0.02

(As Rafailidis measured for 0.02<y<0.420, and a log-law profile is adopted 

for 0<y<0.02.)

k= 2134.6*y**6 - 2394.8*y**5 + 1023.4*y**4 - 203.99*y**3 + 15.415*y**2 -0.1828*y + 0.4541

for y>=0.02

k=0.363  for 0<y<0.02 

epsilon=0.09/y

(y>0)

APPENDIX II

OUTPUT SPECIFICATIONS

The results for concentration C should be made non-dimensional by the following formula:

K=C*U*H*L/Q where:

C = computed concentration e.g. in [vol/vol] or in [kg/vol].

U = reference velocity = 5.[m/s].

H = building height = 0.06 [m].

L = length of the source in the z direction. (If you are using a 3-d code L 

    is the extent of your domain in the z direction.)

Q=  total emission strength 

If C is in [vol/vol] then Q should be in [vol/s]. In case C is in [kg/vol]

Q should be in [kg/s]. It is stressed out that Q stands for the total source strength released in the domain.

As this source will be split to a number of N grid points (e.g. to the five points (j=1, i=99-103), at each point a strength of Q/N should be applied. The absolute value of Q is irrelevant for the resulting non-dimensional concentration K, as C is directly proportional to Q. 

Each participant should send a brief one-page description of the general features of his method. Participants using 3-d codes should include information on the extent of their domain in the third dimension, (e.g. number of planes in the z direction, total length of the domain in the z direction) and clarify the extent of the source Q in the z direction. This information will help to trace possible errors in making the C field non-dimensional.

(1.) For each case, a file should be provided containing the field values of the following variables:

X, Y, U, V, P, tke, epsilon and K where

X and Y are the horizontal and vertical Cartesian coordinates in [m]

U and V the horizontal and vertical velocity components in [m/s], 

P the overpressure in [Pa]. (Subtract from your pressure field the value of the pressure at point i=1, j=jd.)

tke stands for turbulence kinetic energy, epsilon for dissipation rate and 

K is the non-dimensional concentration defined above. Please use the following Fortran lines to write your output file:

C

      WRITE(10,1) (((X(I,J),I=1,ID),J=1,JD)

      WRITE(10,1) (((Y(I,J),I=1,ID),J=1,JD)

      WRITE(10,1) (((U(I,J),I=1,ID),J=1,JD)

      WRITE(10,1) (((V(I,J),I=1,ID),J=1,JD)

      WRITE(10,1) (((P(I,J),I=1,ID),J=1,JD)

      WRITE(10,1) (((TKE(I,J),I=1,ID),J=1,JD)

      WRITE(10,1) (((EPSILON(I,J),I=1,ID),J=1,JD)

      WRITE(10,1) (((K(I,J),I=1,ID),J=1,JD)

1 FORMAT(10E17.8)

C

(2.) In addition, in order to enable a fast comparison with experimental data, a file should be prepared for the non-dimensional concentration along path ABCDE of Figure II1. This file should contain the additive distance L along path ABCDE (L=0 at roof level on the leeward wall A) and the non-dimensional concentration K.
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Figure II1. Path for plotting the non-dimensional concentration K. Lines A, C, D and E lie on the wall. Line B is placed at a distance of 0.015m from the floor.

(3.) Furthermore every participant should submit for each case one file, which contains eight data blocks for eight locations:

three horizontal at

1) y1= -0.015 

2) y2= -0.030 

3) y3= -0.045 

and five vertical at:

4) x1=1/4W 

5) x2=1/2W  

6) x3=3/4W 

7) x4=-1/2H  

8) x5=W+1/2H

where W=street width (W=0.06 m for the square and W=0.03 m for the deep cases , resp.) and H=building height = 0.06 m for both cases. The above eight locations are illustrated in Fig. II2.

Each block should have the following structure:
ID JD (number of points in x and y direction)

X Y U V P TKE eps K

X Y U V P TKE eps K

X Y U V P TKE eps K

…

The file Sqr_pr.dat gives an example for this structure.
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Figure II2. Eight locations for profile intercomparisons, (top square case, bottom deep case). 

