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Abstract: In 1990 a comprehensive data set on dispersitnintberectangular buildings was compiled in the UBAEwind tunnel
(Thompson, 1993). In that study the dispersionafatariety of building shapes, stack heights andkskacations has been systematically
investigated. The data set includes measuremergroahd-level centreline concentration distribusioln this study the data set is used to
analyse the performance of several dispersion magigh more or less sophisticated approaches fodliray building effects. The models
are the Danish OML model, the US AERMOD/PRIME maalell the German models MISKAM and AUSTAL2000.
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INTRODUCTION

Concentration measurements in a wind tunnel forouariconfigurations of a point-like emission souacel a box-shaped
building were performed by Thompson (1998 later analysed and applied for model validatiamong others by Olesen
et al. (2009) considering the models AERMOD, OML and MISHAIn this study the model AUSTAL2000 is addedhe t

model intercomparison and MISKAM has been rerumaanwhile version 6 has been released.

THOMPSON'S WIND-TUNNEL DATA

In 1990 a comprehensive data set on dispersiombtekictangular buildings was assembled in the UA #&id tunnel,
through efforts led by R. Thompson. The data setesyatically analyses the dispersion for a varidtpuilding shapes,
stack heights and stack locations. These data arggmally used to estimate the so-called Buildingn@lification Factor.
However, the potential of the data set extends nbveglond this purpose.

The data set includes around 250 scenarios, witesyatic variation of the following parameters:

e Building shape:Four building geometries were considered, as welh daseline scenario without building. The
buildings were a cube and rectangular buildings witice or four times the width of the cube. Thedvidirection
was always perpendicular to the building face.

e  Stack heightln terms of relative stack height (stack heighidid by building height), emphasis was on five ealu
ranging from 0.5 to 3.0. There are some scenanioadditional stack heights.

e Stack location:The streamwise location of the stack varied, soetlage scenarios with the stack upwind of the
building, on top of the building and downwind ogthuilding. Altogether 17 locations were considemdending
from 14 building heights upwind to 12 building hieig downwind. Not all combinations of stack locatowith the
other parameters were considered.

From the NERI group the Thompson database was meaitalsle as an Excel spreadsheet with embeddechgrapd
macros. The Excel spreadsheet also contains théses OML and AERMOD model simulations. For furttgetails see:
http://atmosphericdispersion.wikia.com/wiki/Thomps®ind_Tunnel_data

Measured wind and turbulence profiles were alswigeal by Thompson. The data have been analysedeb}NERI group
who deduced a slightly unstable stratificationtaf flow in the wind tunnel.

MODEL DESCRIPTION
In this study the models OML, AERMOD, MISKAM and ATUSL2000 have been applied. In the following a brieddel
description is given. For further details see ttezdture in the references.

OML

OML is a Gaussian model for regulatory purposes.LO8ists in a standard version and in an experiedengrsion
("research version"). Both are described in detaiDbesenet al. (2007). In the present study, the standard vensias used
(OML version 5.0).

The basis of the standard OML model is an empifcatedure developed by Schulman and Scire (198f@prding to the

building downwash algorithm as implemented in OMiuilding influence has two main effects: it increaghe initial

dilution of the plume and it decreases the plurse.rNormally, both effects contribute towards asreéase of ground level
concentration. The total effect can be considerable

AERMOD

Like OML, AERMOD is a regulatory model. AERMOD wasdginally developed without any algorithm for buitdj effects.
A separate model addressing building effects, PRIM&S developed during the late 90's (Schuleiaal. 2000), and has
been included in AERMOD since 2002.
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The original dispersion model PRIME made use of Bills@ifford dispersion parameters, which is diffat from the
methodology used in AERMOD (and OML). When integdatato AERMOD, PRIME was modified to make use of
AERMOD's methodology to parameterise dispersion. @twcentrations computed by PRIME are used in thieeved a
building, while beyond the wake concentrations gradually adjusted to those computed by AERMOD fitdebr the
AERMOD computations in the current study, AERMOD i@ns04300 (with PRIME) was used. In the followinget
designation AERMOD is used for “AERMOD with PRIME”.

AUSTAL2000

The Lagrangian particle model AUSTAL2000 calculathe time-dependent atmospheric dispersion of anbst and
odourants. AUSTAL2000 is the official reference Ierpentation of the instructions given in the GerrRagulation on Air
Quality Control (TA Luft, Appendix 3)The model on which AUSTAL2000 is based is descrilmethe German guideline
VDI 3945 Part 3 (2000).

The program system AUSTAL2000 includes a diagnastid field model (TALdia) as a pre-processor whigticulates the
three-dimensional wind fields and, in case of hodd, additional three-dimensional turbulence fiedohd provides them in
form of a wind field library to the actual dispemiprogram AUSTAL2000 (Janicke, U. and L. Jani@@)4). Alternatively,
other externally generated wind and turbulencel$ieilan be provided in form of formatted text filA&ISTAL2000 has been
validated against various data sets, including wimhel measurements for isolated buildings an@d dats provided in
guideline VDI 3783 Part 9 (2005). In this study ATYE.2000 version 2.4 was applied (Janicke, 2009).

MISKAM
MISKAM is a three-dimensional Eulerian air flow adispersion RANS model which is designed to desdtileeflow and
the dispersion around buildings (e.g. Eichhorn1989, Eichhorn, J. and A. Kniffka, 2010).

The flow model consists of the three-dimensionalatipns of motion, using the anelastic Boussinegmagmation. The
Coriolis force is neglected. The heat equation i$ included, the temperature field is assumed tohbezontally
homogeneous. A constant thermal stratification neyyever, be introduced into the turbulence equatior non-neutral
conditions. MISKAM applies the k-turbulence closure for calculation of the turbtlemchange coefficients. With the
current version 6.0 a second order advection scliermmaomentum and turbulence was introduced. Dedaiblidations have
been performed for the version 5.02, see e.g. Bithhl. and A. Kniffka (2010), Flassak, Th. and GesBIng (2009) and
Donnelly et al, (2009). MISKAM is validated according to the Gamnguideline VDI 3783 Part 9 (2005). In this study
MISKAM 6.00 was applied. For results of MISKAM 5.,0&hich are not presented here, please refer tecDé al. (2009).

TEST CASES
From the Thompson data set 3 building cases wita&k heights each, in total 9 cases have beetteie

e No building

e Cubic building

e Wide_4 building (crosswind extension is 4 times lthi@ding height)
The point-like emission source is centred on toghefbuilding at a stack heightld above ground of 1.0, 1.5 and 2.0 times
the height of the buildingHp). According to the boundary layer height realizedhe wind tunnel, a scaling factor of 1000
was applied for all models. Therefore the cubidding has a width, length and height of 150m, théew4 building has a
width (in crosswind extension), length and heigh@0m, 150m and 150m, respectively.

MODEL SETUP
For OML and AERMOD the simulation results were siynptlopted from Oleseat al. (2007), see there for the model
setups.

The MISKAM runs were performed for neutral straifiion. An unstable stratification as assumedHerrtins with the other
three models in this study is not permitted sindSKAM version 5.02. The surface roughness lergtivas set to 0.10m
following a recommendation of Thompson (2010) tplg@ ratio ofz,divided by building heighil, of 6.7 10*. A numerical
grid of 212 x 141 x 69 grid cells was selecteddaromputational domain of 3600m x 3600m x 1000ne fbrizontal grid
spacing was 10m in the domain centre (1800m x 1020w stretched by a factor of 1.2 towards the diotnaundaries. The
vertical grid spacing was 1m from Om to 5m aboweugd and from 150m to 155m. Between 5m and 150ngridespacing
in- and decreased by a factor of 1.2 and 1/1.pects/ely. Above 155m the grid spacing increased fgctor of 1.2.

For the AUSTAL2000 runs the surface roughness lemgand the Monin-Obukhov length, were derived from a least-
square fit of the measured wind profile with thesamplemented in AUSTAL2000. The least-squareifitdedz, = 0.29m
andLy = -812m, implying a slightly unstable stratificaii The agreement decreased for a fit with nestratification Ly
set to infinity, resultingp = 0.05m). Pushing the profile a bit more into timstable regimel{, set to -300m, resulting, =
0.47m) did not change much the picture. Additiomaslight was gained from the measured turbulencdilggoand a
comparison against the boundary layer profiles émgnted in AUSTAL2000. The neutral case clearlyevestimated the
turbulence that was observed in the wind tunneladdeed turbulence was better reproduced with tightlli unstable
stratification. The AUSTAL2000 runs were therefperformed withLy, = -300m andy, = 0.47m. A numerical grid of 340 x
81 x 41 grid cells was selected for a computaticioahain of 10200m x 2430m x 1200m. In the horizbdt@ction the grid
spacing was set to 30m. In the vertical directiom grid spacing was 10m up to a height of 200mo¥edid by a constant
spacing of 50m.
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RESULTS AND DISCUSSION

In the following the dimensionless concentratitsris discussed. It is defined as=(cu,, H,?)/Q, wherec is the measured or

simulated concentration,, the free-stream velocity (4 MsandQ the emission rate.

Figures 1, 2 and 3 show the along-wind, centreldimensionless, ground level concentration profilesto downwind
distances of 20 times the building height for thees without building, cubic building and wide_4lding and for ratios of
stack heightKly) divided by building heightHy,) of 1.0, 1.5 and 2.0. As the MISKAM computatiom@main has not been
selected large enough MISKAM results are preseoidylup to a downwind distance of Hg
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Figure 1. Comparison of measured (thick line mankgH x) and modelled, along-wind, centreline, dirs®nless, ground level
concentration profiles for the casthout building . Stack height divided by building heighyH,: (a) 1.0, (b) 1.5, (c) 2.0.
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Figure 2. Comparison of measured (thick line mankgH x) and modelled, along-wind, centreline, dirs®nless, ground level
concentration profiles for theubic building. Stack height divided by building heighyH,: (a) 1.0, (b) 1.5, (c) 2.0.
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Figure 3. Comparison of measured (thick line mankgH x) and modelled, along-wind, centreline, dirsi®nless, ground level
concentration profiles for theide_4 building (crosswind extension of 4 times the building h&igh
Stack height divided by building heigHt/H,: (a) 1.0, (b) 1.5, (c) 2.0.

The concentration profiles for the case withouiding and the threeldH, ratios are shown in Figure 1. Nearly all models
overestimate the measured concentration in theidenesi downwind range. In general most model resadfree within a
factor of 2 with the measured concentrations. &dtngly, in some distance ranges the model resdtsly coincide
although the measured concentrations deviate hgtarfof 2 from the model results.

For the cubic case artdl/H, = 1.0 (Figure 2a) the modelled concentrations tieateeward side of the building range from
0.3 (AUSTAL2000) to 2.0 (AERMOD). The measured vailsi@bout 0.8. For downwind distances of more thaimes the
building height X/H,>5) the concentrations simulated by AERMOD, OML aAdSTAL2000 are very close to the
measured concentrations. In this regime MISKAM dsehigher concentrations, but near the buildinglteof MISKAM
are closest of all models to the measurements.

For the wide_4 building the simulated and the mestseoncentrations are shown in Figure 3. Neatdbeard side of the
building (i.e. in the building recirculation zonéje simulated concentrations strongly vary acrbhesntodels by a factor of
more than 2. Further downwind the profiles of thffedent models converge. The larger the ratigH,, the further

downstream convergence establishes. In the downminge where measurements are available, the MISKeédvlts are

closest to the measurements.

For H4H, = 1.0 the ground level concentrations in the lethefcubic and the wide_4 building (cf. Figure a 8a) have a
similar maximum value of 0.8. This is not the cimeH/H,= 1.5 and 2.0. Here, the location of the maximumcentration
as well as the maximum concentrations differ sigaitly.

CONCLUSIONS
A subset of the Thompson wind tunnel data set e ktapplied for model validations. For the comparishe well-
established models AERMOD, OML, MISKAM and AUSTALZDBave been considered.

It is interesting to note that all of the modelsvénaifficulties to reproduce with standard assuomdi the measured
concentration profiles for the case without buitdi®\ possible explanation is that the actual boondayer profile in the

wind tunnel noticeably differed from the standamlidary layer parameterizations as implementethénntodels. This in
turn would also effect the model predictions fag tases with building.

For the cubic and the wide_4 building, the simuatencentrations vary across the models by a fadtarore than 2 near
the leeward side of the building (i.e. in the burtgirecirculation zone). Further downwind the mdekkprofiles converge. In
the downwind range where measurements are avaithield/1ISKAM results are closest to the measurement
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The results for the specific data set of Thompsarstnbe put into context with other validation te#itat have been
performed for each model in order to evaluate terall performance of a model. However, this goegond the scope of
this paper.

In general, the prognostic procedure of MISKAM sedmbe better able to account for details of tbe tistortion due to
the building as compared to the empirical approadhgplemented in AERMOD, OML and AUSTAL2000. On tbiner
hand, a prognostic model like MISKAM requires calesably more user skill and computation time. Thuditg of
AUSTAL2000 to apply externally generated wind andbtilence fields in the form of a wind field libyamay open the
possibility to apply MISKAM generated fields forriger time series (for example over a complete dalegear), as it is
required in regulatory practice. Such a couplingpieen a prognostic wind field model and a Lagramgiarticle model is
presently standardized in a VDI working group foe tnesoscale.
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