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Abstract

This lecture presemts some modules to caleulate wind ficlds and immissions i the nearfickd of buildings
Resuits of a running rescarch project are shown, where numenical simulation results of several models are
compared (o systematic wind tunncl studies. Further some examples of charactenistic projects will show the

efficiency of the diagnostic model ABC

Introduction

In a engincering office like the TUV we arc ofien confronted with questions to climauc and air pollution

changes by planncd buildings or building clusters Some tyvpical topics are

»  Dispersion of traffic cxhaust gases
= Dispersion of toxic gascs caused by aceidental relcases in industrial plants
« Ventilation changes in cities caused by blocking structures

¢  Dctermination of locations with speed-up zones (wind-comfort)

In the planning stage diffcrent conceptive alternates can be regarded To quantify the effcets under the
limatations in costs and time, efficient numcrical models have 1o be used The complexaty of structures in

built-up zones imphes the use of 3-dimensional modets
The models described here are composed of the modules

+ mcan wind ficld caleulation
»  valuation of turbulence parameters

» and finally the dispersion module

Another modulc for grid based dispersion modcls is the emission model In case of liae-. arca- or volume-

sources the calculation of an cmis....o vaion s neeessan

2. Simulation of flow fields

An cffective way to compuic flow ficlds 15 a diagnostic scheme  Physically the consenanon of’ mass s
guaranteed All other physical charactenistics of the flow. for cxample the development of recirculation
zones. have to be considered n the initahisation procedure The model DASIM ("DAmstadter Simulations
Modcll", Blinda ot al 1992} and the model ABC ¢"Airflow around Building-Clusters”. Rockle 1990) are
two simular diagrostic microscake models. winch produce mass-consistent. three-dimensienal mean wind-
ficlds. wsing such an "intelligent” imtialisation procedure

The mtial wind ficld was furmsshed by an ohjectine procedure. which anaby ses the bulding strecture at cach

grd pont In ABC four possiihities are distinguished according to the follovwang skercls
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[n a first step the wind components were st to the values of the.approach flow. Then these components are
modificd according 1o the distance from the obstackes following measurements from wind tunncl (a sum-
mary is given in Hosker, 19%4)

o reversed flow within the near wake
e dccreased flow within the far wake
e no flow within the separation zones

s reversed component perpendicular 1o the camon ases within cany on-(y pe situations

This wind ficid 12 adjusted in a least-squarces sense with vanational-techmgues o <aushe the contineity
equation {Sasaki 1970, Sherman [978)

The Potsson-cquation to be solved for & s given by
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where A< .z) 15 the lagrange multplier u” v and w! is the imtial wind ficld and o ., arc Gauss

preaision modul Dafferent values of ay, and o, allow to distingash between the adjustments made to
horizontal and vertical selocins components targe values imply numimat adiustments)

The final divergenee free wind field (s w) s achicved by setting 2 inte the Fuler-Lagrnge cquations

Upper and lateral boundanies of the computationat-arca are regarded 1o be open - thus allowed mass flow
through the boundarics The bottom boundan and the walls of the structures are assumed to be sohd - thus

no mass can flow through these boundanes

The caleulations are based on a cartesian coordinate system with a staggered gnd (Fig 1} The honzontal

grid width vancs typrically from 110 10 m The verreal gnd rs vanable spaced with higher resolution (Av =

I -3 m) ncar to the ground
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Fasre I grid wsed n DASIM and ABC

The model cabealates sor detaded swd fickds on a large number of gnd ponts 10 a small amount of com-
puter nme (2 A4GRR PC-Svstem solves 30%40%12 grid ponts in a fow minutes)

The specific bpes of flow ncar obstacles tan be found on model output (Fig 13) These are recirculanon
arcas. sheltered arcas. speed-up zones, channclhing within street canvons and vortes formation behind sham

edges

2. Turbulence parameters

The despersion mwodels ased are solving the adsection-tifTusion cquation of the form
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where v v and woare the caleulared wind components. K. K, and K, are the turbulent diffusion cooffi-
cients i the v v - and z-direetions. P15 the production term and $ sink terms {chemical ranoval. deposi-
tion}. Shir and Bornstom (19773 stated an approach of the necessan diffusion coufficients for non-homoyc-

ncous terrain
K-1-S (4}

where |is a mixing length. in ABC defined as the nearest distance 1o the closest surface (obstacls or

ground}. and the quantity s related 1o the diversence and deformation of the flow ficld

S= 1D +D.+D D {4a)
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ABC calculates K-values on the midpoint of the staggered grid and interpolates these values on the velocity
gnid, while DASIM calculates them in a direct manner on the velocity grid.

Another way to deterr. i & diffusivities is descnibed by Grob et.al.(1994). [n his model ASMUS {"Ausbrei-
tungs- und StromungsModell fiir Urbane Strukturen™) he solves iterativly the equation for the turbulent
kinetic energy E with the transport and diffusion terms, the dynamic production, the buoyancy term and the
molecular dissipation:
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1 is a charactenstic length (for example 1= (Ax-ay- As)").a an emptincal constant (0 4). g the gravitational

constant and © the potential temperature. The diffusion coefficients can be calculated according the
Prandil-Kolmogorov equation

K=alJE {6)

The real problem in parameterization of the turbulence is the lack of mcasured data to venfy these relations.
This is even true for other dispersion models, where other closures are needed. for cxample particle models
which use Lagrangian time scales.

3. Dispersion models

The mass~consistent, three-dimensional wind ficlds are necessary input for a pollutant transport model. The
physical processes to be described by the pollutant model arc advection, turbulent diffusion and if necessary
removal by (linear) chemistry.

The advection-diffusion equation (3) is solved on an Eulerian grid, using a time split scheme. In order to
determine the concentrations in the boxes, a mass-budget is computed from the difference of the mflow and
outflow of material through the boundarics and the amount of sources (emissions) and sinks {chemical
removal).

The time-step is variabie and depends on wind-velocity, diffusion coefficients, grid size and decay-terms.

Both models ABC and DASIM use this scheme. The disadvantage of procedure is the relatively big amount
of computer time to get stationary concentration ficlds, because the calculated time steps are very small
(typical bellow 1 s). If only stationary concentrations are of interest, a faster method 1s given in ASMUS,
which solves the stationary form of equation (3) with 2 SOR-technique

4. Comparison to wind tunnel results

Together with the wind tunne! section of the University of Karlsruhe {Prof. Plate) we started a research
project funded by the State of Baden-Witrttemberg and the Commission of the European Communities.

The aims of this project are

& 1o clear up deficiencics in models to cnabic corrections and further developments.

« the valuation of error-margins and

e 1 ¢ creation of a verification-base for other model-invesigators

The sclected obstacles arc three U-shaped buildings and a small area m an industnal complex. in the com-
pasison take place

»  MISKAM., a prognostic model (Exchhorn 1989).

o ABC and DASIM

s ASMUS (turbulence and dispersion part, wind ficld from ABC)

¢ LASAT from Janicke (1983), lagrangian dispersion model ¢comparison is still in work)

To study the quality of the flow- and dispersion models in the nearfield of a "coniplex” body. a U-shaped
structurc was chosen {Fig. 2). The height of the structure varies from 16 m over 28 m to 40 m The
dimensions of the courtvard arc 28 m - 28 m The width of the buildings i1s 12 m. According to th.: approach
f ow, different vortex systems within the courtvard are expected.

Up to 6 wind directions are chosen, 0°, 45°. 90°, 120°. 135° and 180°. The power law profile of the ap-
proach flow was adjusted to an exponent of 0 28 and the wind speed at 10 m above ground to 3 m/s.

Three sources are regarded:

* Source A - 2 m above the roof kevel of the mid building
+ Source B - 2 m above ground in the courtvard

»  Source C - 2 mabove ground in front of the building

Ty

L]

Iy



Figure 2. Wind directions and focation of sources

The basic questions are
« Can the models simulate this in a satisfving manmcr?
*  What is the range of the error margins”

* In which module does the errors oceur?

In wind tunnel many horizontal and vertical profiles of concentrations were measured The measurement of
mean wind speed and direction is only for a few cascs available

Measured and calculated concentrations arc compared at distinct pomnts. One should keep in mund. that the
measurements arc point values and the calculated concentrations ‘epresent volume averaged values

4. Results

Figure 3 shows some differences in the ncar ground flow ficld between the models ABC and MISKAM.
MISKAM simulates a relatively short eecirculation zone. but Bives better results near the upwind edges of

the building

In Figure 4 there arc four vertical scctions at the centre of the U-shaped building with an approach flow
normal to the U. Differcnces in the near wake fictd and in the front of the buildings can be detected. The last
picture shows wind tunnel mcasurements DASIM shows the best results on the roof and within the
courtyard. The separation of the flow takes place at the upwind edge of the roof and dont reattach to it.

However the longitudinal extend of the wake is not realistic

On Figure 5 the diffusion coefficients arc displaved. The lines of constant K-values (mcan values on
staggered grids) are numbered in m¥s. Big vaniances between the models can be found The mixing length

concept of some schemes are not satisfying. The best results were produced by the more sophisticated
ASMUS method.

The next figure (6) gives an impression how transport and diffusion works in the different models. The
concentrations are normalised with the source strength and the undisturbed wind speed at 10 m above
ground.

The source in the courtyard (B} is switched on. The emissions are transported to the leeward wall and lift of
near the wall. ABC simulates to high concentrations near the plume axcs, because the diffusion in the
courtyvard is to fow. ASMUS, which works with the same wind ficld as ABC, gives better results. DASIM
Iifts thcwhole ptume above roof level and, cause of very small diffusion coefficients near the ground, the

concentrations ncar the sol arc too low. compared with wind tunnel measurements

In Figure 7 the waills of the courtvard arc fold up an the concentrations near the walls are displayed. The
ABC results show that the transport domimates the diffusion process. ASMUS gives satisfving results in
companson with the wind tunncl concentrations {pcture at the bottom), measured at the points indicated by
small crosses (be careful while interpreting the contour lines). In MISKAM the diffusion process is too

strong

Figure 8 shows 2 honizontal scctions of the flow ficld for an approach flow of 120°. The biggest differences
occur between MISKAM and ABC. MISKAM underestimates the extend of the near wake. This causes big

differences for source € (not displayed). but not for sources A and B.

The next 2 figures arc showing surface concentrations for source B and the inclined angle (120°). Near the
ground DASIM and MISKAM are shifting more concentration out of the courtvard than ABC and
ASMUS The first impression is, that there arc big differences  But regarding figure 11, which shows plume
Cross sections at a distance of 40 m and 120 m, one finds, that in all models most of the mass is transported
over the roof and thercfore the differences are not to strong ABC and DASIM give the best results

To study if the numencal models can simulate the interaction of several buildings, a real scenery was taken.
Three wind directions. two source positions and one building vanving in hesght are investigated. The figure
12 and 13 are showing first resuits.

On the next figure (14) some scatter plots with logarithmic axcs provide an idea of the emors. The
normalised concentrations of wind tunnel and numerical models are plotied aganst onc another The dotted
lincs enclose the points which lic within 2 factor of 10 compared fo the wind tunncl, the dashed lines
represent a factor of 2



These are the results for the 28 m high U-shaped building with source at location B. Onc find a good
agreement for the wind directions 0°, 90° and 180° for high and middle concentrations. The spread at the
other angles is somewhat bigger. At low concentrations the accondance is worse. Practicably these concen-
trations are niot of interest, and one can assums errors in measurements grow up at low concentration levels.

The next figure {15) shows some statistics, where all measurements for the 28 m high building system were
included. The linear correlation coefficient ranges from 0.4 1o somewhat above 0.8. This is a measure for
the fit of the higher concentrations. The logarithmic correlation cocfficient, which ranges between 0.7 and
0.8, weights ail concentration levels in the same manner,

The "hit rate” for factor 2 is about 33%, for a factor of 10 about 75%

Every model has some defects in wind fielu, turbulence paramtenzation and dispersion calculation. which
are less of more important al distingt wind directions. Including all directions. one cannot find a "best”
model.
The investigation shows, that the model outputs have good qualitative characteristics, but the quantities
should be corrected. Nevertheless this studv will give the modellers some valuable advice's to improve their
models.

5. Projects
In the last section two projects should be invibed ). nv. - |
Wind-discomfort

The first one is a study where high wind speeds near high rised buildings can occur. Near an existing 50 m
high building another 71 m high building is planned. Figure 16 shows the flow at a height of 10.5 m above
ground. One finds the typical recirculation zones and a speed-up between the buildings. The contour lines of
the wind speed normalised with: the undisturbed wind speed at same height is displayed on figure 7. The
spead-up zones can easily be located. Between the buildings one find an overspeeding by a factor of 1.5.
The physics of the diagnostic flow mode! lead to an underestimation of this value by a factor of 1.6 to 2.
For simple block like structures like in this example, the model 15 a useful tool to predict speed-up zones

Dispersion modelling

fx

In the second example an actual project is invited. Within a settlemen the traffic changes in some strect
svstems, cause a new road is planned. For tx components benzene, NO, and soot calculatons were made
for 36 wind directions. From this immission base and the meteorological statistics, representative for one
vear. mean values and percentiles were estimated.

Figure 18 show the building arrangement and the line sources. which are taken into account Om the last
figute (15) yearly mcan concentration jevels for benzene are displayed.

A comparison (o measuring stations in this area gave satisfving agreement. The concentrations in sheltered

areas were much better represented. than with usual Gaul-models
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Trajectories typical flow field
Source on top of roof and near the bottom
of the street canyon
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Statistik
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