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Abstract: Computational Fluid Dynamics is a complex todkafused in design activity in fields of automopderonautic or process by
modelling flow behaviour. Using such a tool for aspheric dispersion allows to take into accountemphenomena and very local site
properties (buildings for example). Before optim@icomputational time of such modellings it is imtpat to develop physically coherent
modelling with atmospheric physics able to tackiéecent atmospheric stability states. Indeed usasgumptions in CFD codes are not
always compatible with atmospheric boundary layescdiption.

This work presents a validation of a specific Sgtarameters of the CFD code FLUENT for representiow and gas dispersion within the
Atmospheric Boundary Layer.

Impact of Refining activity comes from two main &gof sources: canalized emissions (stack) andseif or fugitive emissions.

CFD modelling will firstly be compared with typic@aussian modelling and LIDAR measurements oniaamsf plume in real operation
and meteorological conditions. Such emissions arst of the time well modelled by Gaussian codesalysis focuses on plume rise and
impact around site.

Diffused emissions are not very well described taydard tools especially for near-site impact asseat. CFD modelling results are, here,
compared with Mock Urban Setting Test campaign @pexific case that is a situation closed to refirtkffuses emissions configuration
with building influence.

Discussion will deal with CFD code weaknesses aagiswtaken to handle them. Moreover criticality ahds boundary condition in a
building environment will be developed.
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INTRODUCTION

Computational Fluid Dynamics is a complex tool oftesed in design activity in fields of automobiler@nautic or process
by modelling flow behaviour. Ability of CFD modellinto represent flow and gas dispersion for enviremal Refining
application is evaluated in present work.

METHODOLOGY

A specific methodology is used to model Atmosph&ueindary Layer (ABL) with Fluent code, it is desedbin details by

Vendelet al. (2010). Key points are:

- Specific boundary condition at top of the domaikyjsto drive with the non-conservation of Reynoldador and Heat
flux with use of symmetry BC

- Modified k-€ model with Duynkerke constants to make turbulenoéel coherent with Similitude theory.

- Use of pressure profile at exit boundaries andnitetemperature profile at vertical boundaries.

PRAIRIE GRASS EXPERIMENT
The Prairie Grass experiment has been conduct2@56 (...) and deals with real behaviour of gastteghinear ground on
flat terrain. For this comparison try number 24 hasn selected.

Meteorology

Stability condition of this case is staldled meteorology measurements give:
- Wind direction : 141 degrees

- Wind speed: 5.2 m/s

- Friction velocity: 0.41 m/s

- Sensible heat flux: -18.4 W/m?

- Temperature: 21.8 °C

- Monin Obukhov Length: 327 m

Emission
Source is a 46 cm height bottle emitting sulphwxitie. Concentrations are 10mn averaged and meaatire&m above
ground on arcs at distances of 50m, 100m, 200mm40&d 800m. For the 24th case,,®mission is 41.2 g/s.

Domain
Domain is rectangular with length of 1100m along wind direction axis. Wind inlet is 200m before ource and width is
1000m. Height of domain is 150m.

Results
Results are represented on Figure 1 as comparigemredre measurements and modelling on 5 arcs at 506m, 200m,
400m and 800m from the bottle.
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Figure 1: model / measure comparison on 5 measumsraecs

Modelling underestimates dispersion and leads & estimation of SOconcentration on plume axis and under estimation
of lateral spread.

Discussion

This difference comes from the fact that our modgH do not take into account direction variability temporal scales
larger than atmospheric turbulence scale. Our mdgledtationary and represents instantaneous caatients. 10mn
averaged measurements integrate direction vatiahilt our modelling could not represent.

CFD modelling could not be compared to integratedsueements without a specific treatment of windalality.

INDUSTRIAL LIDAR CAMPAIGN

A LIDAR (Light Detection And Ranging) measurementsipaign has been conducted in TOTAL Refinery of Nardyain
2006. It aimed to observe pollutant plumes behaviBar model/measures comparison we consider afp80, measure
in a vertical plane that crosses plumes of cegtinks in south wind conditions.

Meteorology

Meteorology measurements come from Sandouvilleasarfstation and sensible heat flux comes from pusviADMS
modelling on the same case:

- Wind direction : 222 degrees

- Wind speed: 7.1 m/s

- Sensible heat flux: -30 W/m?

- Temperature: 11.6 °C

Atmosphere is stable.

Emission
SO, emission and ejection parameters have been pibtideefinery. 8 stacks are considered, charatieiare detailed in
Table .

Table 1: source description

Source Height | Diameter | Ejection velocity | Ejection Temperature
(m) (m) (m.s-1) C)
Stack 1 29 1.9 7.8 370
Stack 2 65 2.56 9.4 272
Stack 3 75 0.9 8 310
Stack 4 65 2.6 8 489
Stack 5 110 4.46 9.5 289
Stack 6 65 1.7 4 460
Stack 7 80 1 1 450
Stack 8 80 5 10 300

Domain
A numeric mock up of a refinery is used to modes ttase. Geometry characterization is made thamksiildings IGN
(Institut Géographique National) data and the danmmeshed by 3.7M cells.
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Results and Discussion

Modelling results are compared with LIDAR measurets@m a vertical plane crossing the refinery’s psmnit will give us
a critical advice of vertical and lateral dispersiGurthermore LIDAR measurements are consideredséantaneous data.
On Figure , LIDAR measurements are represented wartecal plane with colour scale described in leyamd modelling
results are represented with an iso-surface ofl@§6¢ concentration.
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Figure 2: S@modelled plumes compared with LIDAR measurements

This qualitative comparison shows a good agreenbativeen modelling and measurements. The 2 zonebigbf
concentration are well reproduced and are crosgedhdmlelled plumes. Comparison between modelled carat@®ons of
200pg/ni and measured concentrations are coherent andrroenéi good modelling of elevation and dispersiorfirist
meters.

A more quantitative evaluation is made thanks &pQgron Figure . Focus is done on east high corat@rirzone. Results are
reported on a vertical plane and are representtrdtiae value of concentration (colour) functionheight above ground and
distance to a point that corresponds to the posdfd-IDAR disposal.
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Figure 3 : model / measures comparison on measuatgitane

Comparison shows a good agreement between modatithgneasurements. Width and height of plumes anpamble and
give good confidence in our model. This means bab ¢levation plume and close dispersion are wetletied.

MOCK URBAN SETTING TEST

MUST campaign was initiated by US Army in SeptemB@01. It consists of dispersion measurement withisetup of
buildings represented by 120 containers 2.54m Hgi2m wide and 12.2m long. We selected the cad®ibf Sept, 03:32
am.

Emission

Source is a horizontal tube at 0.15m above groumittieg propylene. It is located between 4 contesn€haracteristics are
the following:

- TypeB

- Height above ground: 0.15m

- Emission duration: 16 min

- Flow rate: 200 I/min
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Meteorology
Meteorology is measured on site close to the mgisligrid, upstream of the source, on captor D aabave ground. For the
selected case, data available allow us to determ@®n direction, velocity and their standard déwnat
- Omoy=141.53 degge = 7.81 deg
Umoy= 2.43 m/sgy = 0.303 m/s

Atmospheric stability is evaluated thanks to averag 3 ground stations of LMO measurements at 2onealground. The
value is 19.7m, this is a stable atmosphere.

Fluctuations

Propylene concentrations and meteorology have besasured at high frequency and reveal significamiability during
try. A correlation between wind direction variatioand measured concentration fluctuations has ideetified.

Those fluctuations will be modelled thanks to ansiant approach using the code FLUENT. This approages the
following hypothesis:

- there are two scales of fluctuations: under theutgirffew seconds) and minute

- period of first scale variation is evaluated ats4désed on first minute measurements

- LMO is constant all along the try

For each minute direction and wind speed are wrie

0= ﬁmoy +20, sin{”tj with 6 the instantaneous angle (1)
T

i M(%j R 5ZJ +20, sm("tjj @o{" ej

K z Lo T 180 2)
v= —(“‘[ln[“ﬂ + 52] +20, sir(” th Sin(” ej

K z Lo T 180

Except few extreme values there is a good agreeimemieen modelled wind inlet and real measuremenELUENT
transient simulation, time step is set at 0.22s.

Domain
Modelling domain is 400x400m wide and 20m high.p&dfic refinement is made close to the propylemece. A total of
2M cells are used.

Specific values of used physical parameter are sanmed in Table .

Table 2: used parameter values

p u* Z G 6o Cu z U o* Ho
1.225 kg/rﬁ 0.123m/s 0.01m 1006 J/kg/K 283.9 0.033 0.0204m .7894E-05 Pajs 0.05K -8.212 W/m2
Results

A comparison between instantaneous measuremeniastadtaneous modelled concentrations has beea.rhagure
illustrates this comparison for the point dn26. Gosions are:

- For each observation point, modelling gives thedyeariability of concentrations compared with theasurements.

- Impact levels are well modelled

- Main errors are observed on more de-centred ptakisg into account the relative position of theme and wind
direction.

- The closer the source is, the higher the error

- Main reason of error seems to be the modellingoohblary condition (constant period)

- For far points but within the experimental sitepaarison measurements / modelling gives very gaodement in
terms of concentration levels and variability.
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Figure 4: instantaneous concentrations at a spetiervation point

Figure represents averaged concentration modafiddneasured on the whole try period on each olenvpoint with one
colour per measurements line.
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Figure 5: averaged concentration: model / measumesparison

Impact repartition is well modelled except for tBéd point which is very sensitive to real varialyiliof wind direction.
Modelled concentrations look to be slightly ovetiraated. Gaps are smaller when observation ig¢emn the source.

CONCLUSIONS

CFD modelling has been evaluated for atmospherjgedison modelling on real cases, adaptable toingfienvironmental
and safety concerns. Results using a specific metbgd have been compared with measurements.

Results of stationary approach over estimates iatedgrmeasurements but give good representatiorstanitaneous plumes.
Transient simulations in a building environment éndaeen conducted and comparison with MUST expetimawve rather
good results. Concentration variability is well reguced and averaged concentration is similar toagegl measurement.
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