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In order to asessthe local air quality within the streets of a city, severa fadors have to be taken into account : locd
sources (fixed and mobile source), locd dispersion (pdlutant transport by the way of wind, dspersion by turbulence
chemicd transformation of pollutants) and local background (pdlution coming from the upstrean quarters). It is quite
difficult to determine the real emissions from vehicles. Many factors have to be studied : the composition d the real car
fleet of the considered area, the working order of the engines, the traffic speed. Comprehension of transport and pollutant
transformation emitted by vehicles is complex too. The pdlutant residence time within an atmospheric layer is a major
factor to identify the relative importance of the chemica reactions that take place in the urban area. In a single street the
residencetime of the air masscan be & dort as afew seconds in windy conditions ; then only very fast chemicd readions
have time to take place, and the mechanisms may be simplified considerably and still describe well the governing processes.
On the other hand, during padlution episodes in anticyclonic weather with very low winds, the pollutant residence time
within the canopy is at least of the order of several minutes to hous. In these cases, a larger number of chemicd reactions
play a significant role. Moreover, a large number of species is chemically reactive in the lower atmosphere ad can form
secndary substances, espedally during day time.

Nantes 99 experiment constitutes a preliminary phase of the European project URBCAP. This program aims to asessthe

ability of canopy acmunting models to determine local air quality and spatial and time distribution of padlutants in the

different quarters of an urban area

Nantes 99 has four main oljectives:

1. Todeterminethe production d turbulent kinetic energy due to vehicles motion.

2. To measure the influence of temperature distribution o the wall surface on the flow structure in the street and onthe
pollutant dispersion.

3. Tostudy windfieldsin the street.

4. To validate models developed by teams which have taken part in Nantes’ 99 and concerning thermo-radiative budyet, the
model SOLENE (CERMA), the turbulence due to vehicles and the flow and the poll utants dispersion in the street, the
models CHENSI (ECN) and PHOENICS (CSTB).



NANTES 99: THE EXPERIMENT

The Nantes' 99 experiment took placein a street of the Nantes city-centre (France) during June 1999. This stred, ‘Rue de
Strasbourg’ can be considered as a street canyon.

Experimental strategy

The gas chosen to be representative of the pollutant emissons is the carbon monoxide, CO. This gasis a great indicator of
pollutant dispersion and dilution in the street since its chemical time residence is rather long (several weeks) compared to
others chemicd substances. In order to evaluate the emisson d CO, we need to count the vehicles and their speed in the
stred ‘Rue de Strasbourg’ and in the streds in the vicinity of the ‘Rue de Strasbourg’. In order to measure the cabon
monoxde amitted in the street by vehicles, several CO sensors are installed at the low level of the street (a 1.50m). To
evaluate the residence time of CO in the street, others snsors are fixed at the high level of the street. A time @rrelation
methodis used for this evaluation. This method compares the time variation d the emisson rate and the time variation of the
flux at the canopy-atmosphere interface, during the whole diurnal cycle.

We aim to qualify the validity of the models in relation to the values of turbulent kinetic energy and its dissipation rate
(CHENSI) and the three shear comporents (PHOENICS). Therefore, we used fast acquisition sensors in the low level of the
stred : sonic anemometers and hot wires anemometers.

With regard to the documentation of the thermal field in the stree, several thermocoupes had to be placed along the wall s,
close to the walls and across the stred. The temperature data will be used as data input for the two models SOLENE and
CHENSI.

3D propeller anemometers installed at the high level of the stree complete the measurements of the low level and allow to
identify wind fields and ventilation regimes.

To validate models and in particular SOLENE, data input concerning radiation are required. Three radiometers are placel
onaroof, close to the street, and they measure global, Infra-Red and dff use radiation. Additional measurements of radiation
in the street are carried out during purctual campaigns.

In order to get the wind and temperature references above the rodfs, a reference mast is erected onthe roof and equipped
with a 3D propeller anemometer and thermocoupes. A CO intake isinstalled too onthisrodf.

(Cf. figure 1 : sketch of the experimental site).

Feature of the street ‘rue de Strasbourg’

The ‘rue de Strasbourg’ is located in the city-centre of Nantes (France) and it is approximately oriented North-South (with a
deviation of —28 from the North). It is draight with a great homogeneity in building shapes on bath sides. Vehicles movein
asingledirection, on three lanes and with anormal urban speed. The stree is approximately 15 m wide, the buildings are 22
m high and the study section is 58 m long.

Required conditions

In order to dbtain important thermal eff ects, the required conditions are :
* Reference wind speed, at 30 m above the road, lessthan 3m/s.

* Sunry weaher to oltain agreat solar radiation.

» Hightraffic.

Main 10OP (I ntense Observation Periods)
These ae the days during which the required condtions are obtained. A day of IOP begins at 8h am. and finishes at 8h pm.,
all the sensors are kept operational.

Temporary assessment of the experiment Nantes 99

The conditions which were required for this experiment have been present : 11 days of main IOP have been oltained. Table
1 groups together the sensors which were used, the available values and their sampling rate, the use of these data & well as
some mments concerning their running during the experiment.

Figure 2 indicates the number of vehicles running in the stree between 8ha.m. and 8h pm. as well as the number of vehicles
during the rush hours (during 15 minutes). Figure 3 represents the mean values of global and dffuse radiation between 8h
am. and 8h pm., for each days of measurements (measurements on the roof). Figures 4 and 5give the mean values of wind
spedad and diredion between 8ham. and 8h pm. measured onthe reference mast (close to the radiometers). The values of
IOP days are mloured inred in the figures 2, 4and 5.
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Figure 1 : Sketch of the experimental site
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Figure 3 : Mean global and diffuse radiation between 8h

a.m. and 8h p.m.

Figure 2 : number of vehicles between 8h a.m. and 8h p.m.
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Figure 4 : Mean reference wind direction between 8h a.m.

and 8h p.m.

Figure 3 : Mean reference wind speed between 8h a.m.

and 8h p.m.
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