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Abstract: In this paper, we present an operational modgbipproach for atmospheric dispersion in industéethplex area. This approach
is based on the idea that the flow, in the surfamendary layer and in the vicinity of the obstactspends on the geometry of the surface,
which is given, and on a few meteorological paramsetthe velocity scale., the wind directionp and a stability parameterLlf. We
showed by a dimensional analysis that it is posdibleliminate the velocity scale so that the ndimed wind and turbulence fields are only
functions of two parameters. Then we create, by @EBerical simulations, a wind field database féinge number of discrete values of
these two parameters. Once the database is coptete can calculate the wind field for any metagical situation by interpolation
between the wind fields in the database. A seiitsitanalysis of the sampling intervals for the wididection$ and the stability parameter
1/Lmo was done in order to limit the interpolation errBinally, for use in operational conditions, arkggian dispersion model was
developed and coupled with the interpolated wiettifto simulate rapidly the concentration impact.
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INTRODUCTION

Monitoring the emission of air pollutants, eithemalized or fugitive ones, is a key issue for indals to quantify and
reduce their environmental impact. In the neadfigfl sources located close to the ground, it besameortant to take into
account the effects of the complex topography ¢tigs, obstacles) on the flow field and on the wileht dispersion of
pollutants. But the modelling of flow and dispersiower complex terrain is a difficult task which u#ees generally
expensive CFD numerical simulations which are racelympatible with operational needs such as pohutimnitoring and
emergency response. Therefore it is necessary \elafe simplified modelling approaches to describe atmospheric
dispersion over complex industrial areas.

Simplified empirical or analytical approaches efistmodelling obstacles (such as parameterizaifdeolated obstacles or
“street-canyon” models) but they do not fit withetbomplexity of industrial areas. The “mass comesistvind field model”

approaches (Rockle, 1990) is an interesting solutgarding calculation time, but it is generallp implified concerning
the modelled physical processes since only the masservation equation is satisfied. In this papes,propose a new
modelling approach, based on the use of precisedetalled CFD calculations, which are stored in talkse and then
coupled with a real time lagrangian particle dispmr model.

In the first part, we present the modelling apphoda the second part, we discuss the discretizadibthe wind field
database and in the last part we describe briéfty doupling with a lagrangian dispersion model ttoe operational
applications.

DESCRIPTION OF THE MODELLING APPROACH

Physical analysis

In this paper, we are interested to describe theosgpheric flow in the surface boundary layer (abou¢ tenth of the
atmospheric boundary layer height) and in the lngld¢anopy, for horizontal areas smaller than 2 Atrthis scale, one can
assume that the wind field depends on three paesisngtoups:

e Geometrical parameters which describe all the complexity of the grounuface, including buildings, obstacles,
micro relief, etc. For a given industrial area, wifl consider that these parameters are fixedhso it will not be
possible to change a geometrical characteristimguhe operational use of our modelling tool.

e Meteorological parameters at the selected scale, one can assume that théhoee meteorological parameters
needed to describe the surface layer are thedictelocity u., the wind directionp and the Monin-Obukhov
lengthLyo which represents the stratification effects.

e Source release conditionsthe momentum and thermal characteristics of #ieases influence the flow in the
vicinity of the sources. In this work, we make fh@ortant assumption that the interaction betwdensources
dynamical effects and the complex buildings arellsstathat it will be possible to model these effethrough a
parameterization in the dispersion model (integpiadnd plume rise model).

Assuming that the geometrical parameters are f&etthat the source effects will be parameterinetié dispersion model,
one can conclude that the wind field over a compl®a depends only an, ¢ andLyo.
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Figure 1. Principles of the atmospheric air flovtadease methodology

The Monin-Obukhov length,,o is a non continuous variable because it tendsfioity near the neutral stratification. In
order to avoid mathematical discontinuity near tteutral case, in our analysis we will use the patamll,,. By
dimensional analysis, it is easy to show that tbpetidence on the parameteris linear so that the velocity field can be
expressed as:

r 1

u=uf, (Y Lyo .9) 1)

1

where f, is a normalised velocity field. For the same reasee can derive such expressions for the turbkietic energy
k and for the turbulent dissipation rate

k=uf (I Lyo .9) )

3
e= = . (YLyo 4) 3)

The functionf,, f, andf, are obviously 3D fields which depends on the sgacedinatesx,y,2) but this dependence will not
be explicitly written in the equations for more daaility. To calculate these functions, we use CRI2wdations, based on
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the solution of the full conservation equations fisass, momentum and energy. As detailed in andfiaemol3 paper
(Vendel F.et al, 2010 — H13-124), these equations are solved with Reynolds Averaged Navier-Stokes (RANS)
formulation, with the turbulence modeled bk-a closure.

Wind field database approach

Then, the main idea of our approach (see figurie 19 perform many CFD calculations to representflth@ in the surface
layer and around buildings for various meteorolabimonditions (direction and stability). All the lgeity and turbulence
fields are collected to create a large wind fieddathase. This database is created before the mpadaise so that it allows
detailed calculations without the limitation of cpatational time. The number of meteorological ctinds studied is about
100 in order that the duration of the databasetosct®on does not exceed one month.

During the operational use, the wind field is sidddrom the database according to the meteorabganditions recorded
on the site. To do that, a meteorological pre-meog based on the works review of Fischer B.EtAal. (1998), is used to
estimate the friction velocity- and the stability parameterL},. The wind field is then interpolated for thesegvaeters,
from the nearest wind fields in the database. Wayag bi-dimensional linear interpolation proceduas expressed in the
equation:

rry

lEJ/O: U |:ai f (]/ I-MO,inf ’q)inf )+ & f (:V I-MO,inf v¢sup)+ & f (¥ LMO,Sup ’q) inf)+ ay f(; I-MO ,supq) su):l (4)

whereLyo,int, Lvosup $int @ndds,pare the parameters defining the four nearest Vidgthds in the database and &, & and a
are the corresponding interpolation coefficieniqaly, given the sources characteristics and therpolated wind field, a
lagrangian dispersion model is used to make thmultzlon of the pollutants concentrations.

Validity and limitations

The construction of the final wind field by intefption is certainly the main approximation of tmethodology because
there is no evidence that the interpolated fieltl ¢ solution of the conservation equation for nemtum, energy and
turbulence. The only equation that is rigorousljisé@d is the mass conservation equation. Indéeel,linearity of the

interpolation procedure of equation (4) impliestttie interpolated wind field is solution of thentimuity equation since
each database field is solution of the same equa@onsequently, one can say that our methodoledgtileast” a mass
consistent approach.

In order to verify that the interpolated wind fielsl a good approximation of the “exact” wind fielde have done a
sensitivity analysis on the discretization of thadvfield database. This discussion is presentedamext part.

DISCRETIZATION OF THE WIND FIELD DATABASE

The aim of this section is to evaluate and quarttify differences between the interpolated and taetewind fields, for
different values of the interpolation interval fprand 1Lyo. This analysis is described firstly for the winidedtion ¢ and
then for the stratification parametetjb.

Discretization of the wind direction

The main difficulty of the discretization analygsthat it is not possible to find a general argntagon to demonstrate that a
certain value of the discretization interdg will make sure that the interpolation error wié bounded, whatever the flow
considered. In this work, our methodology was toasde a geometrical setup sufficiently complex aptesentative of real

cases to be studied, in order to test the intetipol@rocess efficiently.

We present on figure 2 the case of the flow arcaindbical obstacle. The methodology consists ionaparison between the
“exact” wind field (in red) simulated for a windrdction ¢, = 135° and the wind field linearly interpolated @lack)

between two wind fields calculated 1¢ = i%A(I) . Figure 2 illustrates the results i = 20°,Ad = 10° andAd = 4°.

One can observe that the interpolation error irs@ganithAd but also that the differences are mainly locatedhe near
wake of the obstacle. A quantitative analysis dherentire wind field shows that f& = 20°, the error is larger than 2%
for less than 2% of the volume of fluid. These erzones are mainly located in the recirculationemwhere the mean
velocity is close to zero. Different sensitivityste allow us to conclude that a discretizationrirgtbof 20° gives relatively
good results for the interpolation between two wietts.

Discretization of the stratification parameter 1L o

In order to evaluate the interpolation proceduretli@ stratification parameters, we consider theeaaf a diabatic surface
layer on a flat ground. One can assume that theepoe of obstacles would limit the influence of thermal stratification
and that the case of the flat ground can be seen‘asrse case test” for stratification. In ordercompare the interpolated
wind field with a reference case, we have usedréfierence solution fou, k and € derived from the Monin-Obukhov
similarity theory and given by equation (5), (64di@) (see Vendel Fet al, 2010 — H13-124 for details):
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Figure 2.Comparison between the “exact” wind field (in redy the interpolated wind field (in black) for difént
interpolation intervals for the wind directidw.

«  Mean velocity:

u(@) =" (4 2) -t )] ©

wherel = zLyo, YU, andy;, are the integrated universal functions of the M-Obukhov theor for which one can
find analytical expressions in Garratt J.R. (1€
e Turbulent kinetic energy:

2
u;
k(z)=—,[1-

Jo U an(@)
where ¢ is a constant of thie- turbulence model (given equal to 0.033Mwyynkerke P.G., 19¢) andq, is the
universal functions of the Mor-Obukhov theory (Garratt J.R., 1992).

e Turbulent dissipation rate:

s(z)=Kii<pm (Z){l— ¢ } @)

o ()
Thek-¢ turbulence modgdrovides also an equation fthe momentum turbulent diffusivity:
k2
Km=¢, " (8)

Comparisons between “exact” and interpolated msfforu, k, €, andK,, are plotted as a function 1/Lyo on figure 3.
Seven discrete values forLif, are chosen not regularly space0.2, — 0.05, -0.002, 0, 0.002, 0.05, 0.2. With tt
discretization, one can observe that the error dmtsexceed 7% fou, 5% fork, 12% fore and 15% forK,, One can
conclude that such errors are acceptable for arational model.
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Figure 3. Comparison between the “exact” profilad{ack) and the interpolated profiles (in red) diok, €, andK, plotted
as a function of the stability parameteltdd. The red cross represents the discrete valued @é.1/

COUPLING WITH A LAGRANGIAN DISPERSION MODEL

Once an interpolated wind field is calculated, we & lagrangian particle dispersion model baseal lcomgevin equation to
simulate the dispersion of non-reactive specieshSnodelling approach is well adapted to the corifylef the wind and
turbulence fields around obstacles and requiresdomputational cost. The velocity fluctuations @hd lagrangian time
scale needed by the dispersion model are calcufiatedthe turbulent variabldsande. An integral jet and plume rise model
has been added to take into account the near seffemts that have not been treated in the wind fialculation.

CONCLUSION

In this work, we have proposed a new modelling apph based on the application of RANS CFD simulattonisuild a
wind field database. During the operational usewfmodel, a wind field is interpolated from theatmse and coupled with
a lagrangian dispersion model. In this paper, weehdiscussed the validity of the interpolation awh and we have
presented a sensitivity analysis in order to evalti@e interpolation error for different samplimgarvals in the database. The
good validity and the short computational time rezkty this operational modelling methodology makeell adapted to
study dispersion over complex industrial areas.
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