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Abstract Towards the aim of improving the air quality in
the urban environment via the application of innovative
TiO, based photocatalytic coverings, a field campaign took
place within the frame of the EU PICADA project (http:/
www.picada-project.com) to asses the expected depollution
efficiency of such materials under realistic conditions.
Furthermore, extensive numerical modeling was performed
via the application of the RANS CFD code for microscale
applications MIMO, in an effort to asses the sensitivity of
the developing flow field and the corresponding dispersion
mechanism and hence of the depollution efficiency of the
PICADA products on a wide range of factors, with most
notably the length of the street canyon, the thermal exchange
between the heated street canyon walls and the air and the
approaching wind direction. For the needs of the PICADA
project a new, simple module had to be implemented into
MIMO to be able to model the removal of NO, from a street
canyon whose walls have been treated with a photocatalytic
product. The model simulations results presented in this
paper, show that MIMO is indeed capable of predicting the
effectiveness of the photocatalytic products in question. At
the same time, they reveal a strong dependence of the
developing flow and concentration fields inside the field
site street canyon configuration on most of the aforemen-
tioned factors with most notably the direction of the
approaching wind.
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1 Introduction

The aim of the European Project PICADA (http:/www.
picada-project.com), as Photocatalytic Innovative Cover-
ings Applications for Depollution Assessment, is to reduce
the cost and increase the performances of the innovative
coverings for sheet-like applications to make available
affordable, really sustainable products via the development
of a range of such novel materials, whose large-scale
applications, combined with already existing techniques,
may improve the air quality of the urban built environment.
Furthermore, during the past two decades extensive
research regarding the development of titanium dioxide
(TiO,)-based photocatalytic materials and their applications
for environmental purposes has been conducted [8, 17],
which revealed the potentially beneficial effects of their
use, in the removal of various pollutants from the urban
environment. Towards this aim, it was decided that a field
experiment campaign be carried out in an artificially
constructed street canyon configuration designed to ap-
proximate real-life urban street canyons, to evaluate the
performance and the depollution potential of a range of
photocatalytic TiO,-based fagade covering products, which
have been developed by the PICADA consortium.

The flow pattern that usually develops in typical real life,
relatively narrow urban street canyons usually lies within
the skimming flow regime [18]. Previous numerical studies
by Sini et al. (1996) [21] showed that the ventilation of the
emitted pollution from a street is strongly dependent on the
flow regime, with the skimming flow regime always
resulting into higher average concentrations inside the
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street canyons. Further studies demonstrated that for the
skimming flow regime within a street, the flow field is
characterised by the formation of a centrally located single
vortex [4] or a system of counter rotating vortices [20]
depending on the street canyon aspect ratio. In addition,
previous wind tunnel and numerical studies [1, 2, 19]
demonstrated that for street canyons with small street width
to building height ratio (W/H<0.5), under neutrally heated
conditions the flow field is characterised by a system of at
least two counter-rotating vortices with high average
concentrations inside the canyon and with the highest ones
at the lowest levels of the street canyon. In view of those
findings, it was decided that the field site should consist of
three artificially constructed street canyons made up of
commercial cargo containers with an aspect ratio of 0.4
under a scale of 1:5 of an assumed street canyon consisting of
seven-story buildings (~ 25 m), based on the stacking height
of those containers. This particular aspect ratio was chosen
because it is small enough to ensure high average concen-
trations inside the street canyon configuration while at the
same time it would allow enough space for the installation of
the necessary equipment inside the street canyon of interest.

However, previous wind tunnel and numerical studies
[12, 14, 16, 21] have demonstrated that the flow field and
the corresponding dispersion mechanism inside a street
canyon can be largely affected by the buoyant forces that
develop caused by the thermal exchange between the
heated building walls and the street canyon air. Further-
more, Crowther and Hassan (2002) [5] showed that both
the street canyon length and the approaching wind direction
can strongly influence the dispersion of pollutants in urban
street canyons. The results from those studies led to the
decision to apply the numerical model MIMO to study the
effects on the flow and dispersion (and hence on the predicted
depollution efficiency of the photocatalytic facade covering
materials) in street canyons of (a) the street canyon length, (b)
the heat transfer between street canyon walls and street
canyon ambient air and (c) the approaching wind direction.
The findings from the aforementioned numerical studies
would be used to (a) properly design the experimental field
site configuration and (b) predict the expected depollution
effectiveness of the materials that would be tested.

Overall, the comparison between numerical simulations
and experimental results shows that MIMO is capable of
describing the impact of photocatalytic coverings on the
NO, levels in an urban street canyon. Furthermore, the
results reveal a strong influence of both the street length
and the approaching wind direction on the flow field and
the pollutant concentration patterns inside the street. Also,
although numerical results show a strong dependence of the
flow and dispersion on the heat transfer between the
building walls and the air, especially inside deep street
canyons, it seems that in this specific experiment thermal
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effects seem to affect only slightly the overall performance
of the photocatalytic materials.

2 The PICADA Field Campaign

The campaign was conducted during the period May—
September 2004, as the meteorological conditions in that
region during the summer months and particularly July are
usually characterised by high solar intensities and low
wind speeds. Under low wind conditions, the expected
concentration of pollutants released from a line source of
emissions within the street canyon in question would be
higher compared to the ones expected under the usually
higher wind conditions during the rest of the seasons.
Furthermore, the heating of the street canyon walls caused
by the high solar radiation during the summer months
would enable us to study the effects of thermal exchange
between the street canyon walls and the air on the flow and
concentration fields inside the street canyon.

North

Street canyon
axis

0°

270° 90°

180°

Fig. 1 (a) Side view of the experimental street canyon configuration
with the two meteorological stations masts and (b) field site orientation
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Fig. 2 Perforated tube used as a line source of emissions inside the
2nd consecutive street canyon

2.1 Description of the Field Site

The field site set up consisted of three artificially
constructed consecutive street canyons, made up of com-
mercial cargo containers under a scale of 1:5 of an assumed
street canyon with length ~100 m and consisting of seven-
story buildings (~25 m), based on the stacking height of
those containers. All three street canyons had the same
geometrical characteristics, namely, a street width W of 2 m,
a street height H of 5.2 m and a street length L of 18.2 m,
with a resulting street width to street height ratio (aspect
ratio) W/H of ~0.4 and a street width to street length ratio
WIL of ~0.1. The field site was located in the industrial area
in Guerville, France, which is about 40 km west of Paris, in
the valley of Seine. During the period covering the field
campaign, the prominent wind direction is usually parallel
to the axis of the valley which forms an angle of ~52° with
respect to the North. As a result, the experimental street
canyon configuration was orientated at the same angle with
respect to the North as the Seine valley axis, to achieve
approach flow wind directions with respect to the street
canyon axis of the configuration as close to perpendicular

as possible. During the entire field campaign period,
background meteorological measurements of the approach-
ing wind direction WD, of the approaching wind speed WS,
of the ambient temperature 7, of the relative humidity RH
and of the solar irradiation were taken from two different
meteorological stations, one at 3 m above the roof level of
the second array of containers and one at 5 m above the
roof level (10 m above the ground) south of the street
canyon configuration. Background NO, and O; concentra-
tions were also continuously recorded above the roof level of
the second consecutive container array (Fig. 1). Furthermore,
a line source of emissions was placed at the ground level of
the second street canyon. The line source system consisted of
a gas emission source, which was connected to a 19-m long,
closed-end, perforated pipe distributor with an internal
diameter of 50 mm. The number of holes (14 holes) and
their diameter (5 mm) were suitably selected to achieve
uniform distribution of gas emission along the entire length of
the street canyon (Fig. 2).

To test the performance of the photocatalytic coverings
two scenarios were investigated. During the first scenario,
the wall surfaces of the second consecutive street canyon
were covered with TiO,-treated cementitious plates, while
during the second scenario the wall surfaces of the same
street canyon were covered with non-treated cementitious
plates. During both scenarios, in-street canyon concentrations
measurements of NO, were taken from the same two
locations, namely, at the mid cross-section at 15% of the
buildings height H, one at each of the building walls (Fig. 3).

Results from the field site measurements are presented
later in section 3.4, in conjunction with a comparison
between numerical results obtained with MIMO and the
actual field site measurements, for both scenarios.

§
%

Fig. 3 The two scenarios investigated during the campaign
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Table 1 Standard k- model constants including Prandtl and Scmidt
numbers [21]

C;l Ok Oc Co Co Pry N

0.09 1.0 1.3 1.44 1.92 0.7 0.9

3 Numerical Modeling

Extensive numerical modeling was performed with the
application of MIMO in an effort to assess the sensitivity
of the flow field and the dispersion mechanism in the field
site configuration and hence of the expected depollution
effectiveness of the photocatalytic product, which was going
to be tested.

3.1 The Microscale Model MIMO

The numerical model MIMO is a three-dimensional RANS
CFD code for simulating microscale wind flow and dispersion
of pollutants in built-up areas. It solves the Reynolds averaged
conservation equations for mass, momentum and energy. In
addition, transport equations for humidity, liquid water content
and passive pollutants can be solved. A staggered grid
arrangement is used and coordinate transformation is applied
to allow non-equidistant mesh size in all three dimensions to
achieve a high resolution near the ground and near obstacles
[7]. The Reynolds stresses and turbulent fluxes of scalar
quantities can be calculated by several linear and nonlinear

Fig. 4 Computational domain
and corresponding grid used in
the street canyon length effect
study (a) plan view and

(b) top view

I
2
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turbulence models [6]. For the needs of the present numerical
studies the standard k- two-equation turbulence model by
Jones and Launder in conjunction with the standard wall
functions was utilised, because it is widely used and has been
tested for various similar cases with very satisfactory results
(Table 1).

The governing equations are solved numerically on a
staggered grid by using a finite volume discretization
procedure. For the numerical treatment of advective trans-
port there is an option between a 3D second-order total
variation-diminishing (TVD) scheme [9] and a second-order
flux-corrected transport (FCT) Adams Bashforth scheme
(Wortmann et al., 1995) [22]. Both schemes are positive,
transportive and conservative and they are characterised by
low levels of numerical diffusion.

3.1.1 The Heating Module

A heating module was implemented into MIMO to be able
to investigate the effects of thermal exchange between the
street air and the buildings. This heating module can
calculate the heat transfer through conduction, convection
and radiation. Radiative transfer in the atmosphere is
calculated with an efficient scheme based on the emissivity
method for long-wave radiation and an implicit multilayer
method for short-wave radiation [15]. The surface temper-
ature over the ground is computed from the surface heat
budget equation. The soil temperature is calculated by
solving a one-dimensional heat conduction equation for the
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<Fig. 5 Non-dimensional concentration fields in and around the

second consecutive street canyon for the three cases at a height
Z=0.15H, as computed by MIMO

soil. At lateral boundaries generalised radiation conditions
are implemented. The nonlinear heat balance equation
solved in MIMO heating module is written below:

Rlo—R1o+Slo—S10—0s—0o—Lo—0.=0, (1)

where R represents the long-wave radiative fluxes in and
out, S represents the short-wave radiative fluxes in and out
(RO ~T ;‘), Qs is the heat flux to the ground (or wall), O,
is the anthropogenic heat flux, Qg is the sensible heat to the
atmosphere and Lo is the latent heat to the atmosphere.

Regarding the transfer of heat from the street canyon
walls to the air, the heat transfer coefficient is calculated via
the following formula:

B ’Qf| B pcp‘u*ﬁ*’
T To-To) (T Ta) )

where us is the friction velocity, 6« is the surface layer
temperature scale, p is the air density, ¢, is the specific heat
at constant pressure, T, is the heated wall temperature and
T is the temperature of the air close to the wall [13].

3.1.2 Photocatalytic Destruction Rate Module

For the needs of the PICADA project a simple, so-called
“deposition” module was implemented into MIMO. This
module was designed to approximate the removal of NO,,
which comes into contact with the treated street canyon
walls, because of the photocatalytic action of the TiO,-
based PICADA product. Through a series of extensive tests
on laboratory scale, the NO, destruction rate capacity of
every individual sample that has been developed was
quantified in terms of a specific “deposition” velocity,
Ugep- 1t should be noted at this point, that this so-called
“deposition” velocity, which is a material characteristic of
the PICADA products, should not be confused with the
commonly known deposition velocity used to describe
physical phenomena such as wet and dry deposition. At any
treated surface, for a given deposition velocity and for a
given concentration calculated by the model at the first grid
node near the wall, the deposition flux Fjy is calculated via
the following formula:

Fq= Udep X Cyall average (3)
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<Fig. 6 Non-dimensional concentration fields in and around the second

consecutive street canyon for the three cases at a height Z=0.5H, as
computed by MIMO

where Uy, is the deposition velocity (m/s) and Cyan average
is the average concentration (kg/m®) measured in the first
node near the wall given by:

Xn: Zm: Gy

i=1j=1
Cuval == 4
wall average n X m b) ( )

where n and m are the number of nodes that define the
treated surface along the i and j directions, respectively.
Therefore, based on this deposition flux, for a known area
of the treated wall it is possible to calculate the amount of
pollutant mass that is removed because of the photo-
catalytic effect of the TiO, coverings. The percent of
pollutant mass, which is removed at the treated walls, is
then estimated as follows:

M
NOx .o (%) = — NO; removed at wall )

MNOX emitted from source

3.2 Street Canyon Length Effect Study

To determine the appropriate length of the field site street
canyon configuration, a 3D numerical study was undertak-
en during which three cases with street canyons of different
lengths were considered. In all cases investigated, the
height of the street canyon buildings and the street width
to street building ratio W/H was retained the same (0.4) and
a line source of emissions was placed at the ground level of
the second consecutive street canyon, extending along its
entire length. In the first case, the canyon length was
assumed to be slightly above 6 m (L=6.096 m; this is the
length of one cargo container as those used in the field site),
while in the second and third cases the street canyon length
was set equal to that of two and three cargo containers,
respectively (12.192 and 18.276 m).

3.2.1 Computational Domain and Grid Specifications

The computational domains were kept similar in all cases:
the inlet of the domain was located at SH upstream of the
container arrays, the outlet at a distance of 94 downstream
of the array, the top boundary at SH above the roof level,
whereas the lateral boundaries were placed at a distance L
from the sides of the street canyon configuration (Fig. 4).
Symmetry conditions were applied at the lateral boundaries,
Dirichlet conditions at the top boundary and open con-
ditions at the outlet boundary of the domain. The grid
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Fig. 7 Non-dimensional concentration fields in and around the p»

second consecutive street canyon for the three cases at a height Z=H
(roof level), as computed by MIMO

specifications were also kept the same in all cases that were
investigated: the minimum cell size was chosen as 0.05 m
with an expansion factor of 1.2, which resulted into a
minimum y* value of ~30.

3.2.2 Boundary Conditions

During all cases, the same boundary conditions were
applied. At the inlet of the computational domain, the
approaching flow direction was perpendicular to the street
canyon axis, while the boundary layer characteristics were
assumed in accordance with VDI 3783/Part 12 guidelines
for flows over rough areas. The modelled approach flow
boundary layer is described by the following logarithmic
formula:

u(z) :%ln (z—d())’ (6)

20

where %(z) is the mean velocity at elevation z, z, is the
surface roughness length, x is von Karman’s constant, d|, is
the displacement height and u is the friction velocity. In our
case, the roughness length is 0.4 m, von Karman’s constant is
0.4 and the friction velocity is 0.47 m/s. In MIMO, the
approach flow boundary layer is modeled via the following
logarithmic formula at the inlet of the computation domain:

u(z) z\*
Uref Zref
with U,s=5 m/s at the surface layer height z,.r=35 m and a

profile exponent 0=0.24. During this study all cases were
treated as isothermal.

3.2.3 Results and Discussion

For the 3D cases that were investigated with MIMO, results
were extracted at horizontal planes at the heights of Z/H=
0.15, Z/H=0.5 and Z/H=1.0. As expected, the patterns are
symmetrical with respect to the axis Y=0. In all three cases,
the dispersion pattern of the pollutants is dominated by the
coupling of vortices generated in the vertical and horizontal
directions. Vortices generated in the horizontal direction act
in the same way like the ones generated in the vertical
direction that apparently dominate the flow fields in 2D street
canyons in which only the # and w velocity components are
important. In 3D cases, however, the component along
the canyon axis is also important, as it dominates the
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Fig. 8 (a) Computational > ¥
domain and (b) grid details of :
the 2D cavity of aspect ratio 0.4 i H
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inward—outward mass flux between the centre and the sides
of the street canyon. As a result, in the first case the vortices
at the two sides of the street canyon drive pollutants in a
region near there. On the other hand, the system of vortices
that develops inside the street canyons in the other two cases
results in the accumulation of the pollutants in a region near
the vertical middle plane section of the street canyon. The
highest concentrations of pollutants in the three cases under
investigation are observed at the low levels of the third
configuration.

The calculated concentrations are presented in their non-
dimensional form:

C* = CUH/(0/L) (8)

where C* is the non-dimensional concentration, C is the
calculated pollutant concentration, Us is the reference wind
velocity, H is the height of the street canyon, Q; is the mass
flow of the pollutant emission and L is the characteristic
length of the source. Figures 5, 6, and 7 show the dimension-

[N T T T
u -0.16 006 0.03 0.13 0.23 0.32 0.42 052 062 0.71 081 091 1.00 1.10

Fig. 9 U velocity field comparison for aspect ratio 0.4 as computed
by MIMO for (a) the isothermal, (b) the leeward, and (c) the
windward heated cases, respectively, for AT=15 K

@ Springer

less concentration fields computed by MIMO for the three
street canyon length cases, at three horizontal levels at heights
of Z=0.15H, Z=0.5H and Z=H (roof level). The third
configuration is the one that was chosen as the experimental
street canyon configuration for the PICADA field experiment.

3.3 Heat Transfer Effect Study

In addition to the numerical study described above, several
2D simulations for the experimental aspect ratio of the field
site street canyon configuration (0.4) with and without wall
heating were performed, to investigate the effects of heat
transfer between the heated building walls by solar radiation
and the street canyon air on the flow and concentration fields
and hence on the expected depollution efficiency of the
photocatalytic coverings. The simulations were performed

[ O O B

C* 50 82 114 146 179 211 243 275 307 339 371 404 436 468 500

IS

w

Fig. 10 Dimensionless concentration comparison for aspect ratio 0.4
as computed by MIMO for (a) the isothermal, (b) the leeward and
(¢) the windward heated cases, respectively, for A7=15 K
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Fig. 11 Temperature difference between the heated walls and the
street canyon air for (a) the leeward and (b) the windward heated
cases respectively, for AT=15 K

with two different deposition velocities, namely, (a) Ugep=
0.166 cn/s and (b) Uge,=0.5 cm/s, which correspond to two
different types of photocatalytic materials. The simulations
were repeated for a negligible deposition velocity to analyze
the reference situation (i.e., without the photocatalytic material).

3.3.1 Computational Domain and Grid Specifications

During all simulations the 2D street canyon was treated as a
cavity with a height H=5.182 m, aspect ratio 0.4 and a
resulting street canyon width W=2.072 m. The inlet of the
domain was located at a distance 5H upstream, the outlet at

Table 2 Removal of NO, at the treated street canyon walls for the
two products for the three heating cases, respectively

Heating case NO, removed (%)

(AT=15K) Product 1 Product 2
(Ugep=0.166 cm/s) (Ugep=0.5 cm/s)

Isothermal 23.6 88.7

Leeward wall heated 11.1 41.8

Windward wall heated 27.0 94.8

0 1 2 3 4 5

a distance of 9H downstream and the top boundary at a
height of SH above the roof level of the cavity. The grid
specifications were the same as in the 3D numerical study
for the effect of the street canyon length described in the

BT 1 [ T T T T 717111

M [ [T T 111 [T

16 27 37 47 57 68 718 99 109

Tlll" | ‘IIII

ittt
Al

Fig. 12 Flow and concentration fields for approach flow direction for
(a) 0° and (b) 270°
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previous section: minimum cell size of 0.05 m with an
expansion factor of 1.2 (Fig. 8). The boundary conditions at
the faces of the domain were the same as in the ones
described in section 3.2.1.

3.3.2 Boundary Conditions

As this was a 2D study and the street canyon was
approximated as a cavity, the approaching wind direction
was by definition perpendicular to the street canyon with an
assumed inlet velocity of 5 m/s at a reference height of
35 m. Furthermore, in all cases the approach flow boundary
layer was modelled in the same way as in the 3D numerical
study for the effect of the street canyon length. The temperature
difference (AT) between the heated wall (leeward or
windward) and the ambient air was assumed to be 15 K.

3.3.3 Results and Discussion

From the results it is evident that for this 2D street canyon
of aspect ratio 0.4, under isothermal conditions, two
mechanically induced counter-rotating vortices form [,
16, 21]. Moreover, when the leeward wall is heated, only
one vortex forms by the combination of the two counter-
rotating vortices, which appear in the no-heating case. On
the other hand, when the windward wall is heated, two
counter-rotating vortices appear as in the no-heating case.
However, compared with the no-heating case, the intensity
and vertical extent of the lower vortex increase and those of
the upper vortex decrease because of the thermal upward

Fig. 13 Comparison between
numerical results and field site
measurements for mean NO,
concentrations (ppb) per wind
sector for both walls and for

& Measurements: treated senario
A Measurements: reference senario # Simulations: reference senario

motion near the windward building [12]. Figures 9, 10, and
11 show the flow, the dimensionless concentration and the
temperature field comparison between the isothermal,
leeward- and windward-wall-heated cases, respectively.

As a result of these differences between the flow and
concentration fields for the three cases that have been
described above, the average predicted deposition flux and
the corresponding depollution efficiency of the two photo-
catalytic products under investigation varies considerably
between the three cases. The lowest deposition flux at the
treated street canyon walls is observed when the leeward
wall of the street canyon is heated, while the highest one is
observed when the windward wall is heated (Table 2).

3.4 Approaching Wind Direction Effect Study

After the field site street canyon configuration design was
finalised based on the results obtained from the numerical
studies described in the previous section, an additional 3D
numerical study was also undertaken to investigate the
effect of the approaching wind direction on (a) the predicted
flow and concentration fields in and around the street
canyon configuration and (b) the expected depollution
efficiency of the product, which was going to be tested
(product 2 in Table 2). Furthermore, upon completion of the
field experiment the numerical results would then be
compared with the actual field site NO, measurements on
both walls of the street canyon. Simulations were initially
performed for 16 different wind directions, ranging from
0° to 360° at steps of 22.5° using a deposition velocity

H Simulations; treated senario

Wall A
both scenarios . Wall B
N N
- s
W NE NW 80, ~~S\NE
—
TS D Ko T~ N
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Uqep=0.5 cm/s and they were then repeated for a negligible
deposition velocity to analyse the reference scenario.

3.4.1 Computational Domain and Grid Specifications

During all simulations the same computational domain and
grid specifications were used. Both the computational
domain and the grid specifications were the same as the
ones used in the third case under investigation during the
3D street canyon length effect study described in sec-
tion 3.2.1, as this was the configuration that had been
chosen for the experiment. In the same sense, a line source
of emissions was placed at the ground level of the second
consecutive street canyon extending along its entire length.

3.4.2 Boundary Conditions

During all numerical simulations, the modeled approach
flow boundary layer characteristics were the same as the
ones described in section 3.2.2. However, in this case, 16
different approaching wind directions were used with an
assumed inlet reference velocity U,=5 m/s, defined at a
reference height of 35 m at a distance of 5H upstream of the
container array. Furthermore, during this study, input from in
situ background NO, concentration measurements and from
gas emissions measurements for the line source were used.

3.4.3 Results and Discussion

Model results for NO, concentrations were extracted at the
exact same locations as the measuring points in the field
site, for both scenarios. These results were then interpolated
to cover the whole range of wind directions from 0° to 360°
with a step of 1°. Furthermore, by assuming a simple
scaling of the numerically calculated concentrations with
wind speed and emissions of 1/U [10, 11], these interpo-
lated NO, concentration results on both walls and for both
scenarios were used to calculate NO, concentrations for a
range of speeds from 1 m/s up to 10 m/s at a step of 1 m/s,
for all wind directions. The results were then correlated
with the corresponding field site NO, measurements based
on the wind direction and wind speed for both scenarios,
for the entire duration of the field campaign and compar-
ison between the two was made.

The numerical results clearly indicate that maximum
concentrations inside the field site street canyon configura-
tion are observed when the approaching wind direction is
perpendicular to the street canyon axis. Furthermore, for
approaching wind directions close to the perpendicular with
respect to the street canyon axis, pollutants tend to con-
centrate at a region near the middle cross-section of the
street canyon, with the exchange of air being dominated
mainly by vertical pollutant transport with only a small

portion leaving the canyon from its side exits. However,
even small deviations from the perpendicular direction lead
to a significant street-parallel velocity component with a
corresponding transport of pollutants to the canyon edge
[5]. As a result, the flushing via one canyon side is con-
siderably enforced with a corresponding reduction of the
mass transported out of the street canyon via the roof top
(Fig. 12, [3]).

Moreover, the comparison between numerical results
with MIMO and field site measurements shows that MIMO
results are in a very good agreement with the field
measurements, with only a relatively small underestimation
of the NO, concentrations for both scenarios by MIMO.
Furthermore, both the numerical results and the field site
measurements prove that the TiO,-based photocatalytic
coverings are indeed capable of removing NO, from the
urban environment. Both the numerical results and the
actual field measurements, for both walls and for both
scenarios were classified according to the approaching wind
speed and direction. Both the measurements and the
numerical results indicate a reduction in the concentra-
tion of NO, on both walls, which ranges from ~ 41% up
to ~ 82% for Wall A and from ~ 35% up to ~75% for Wall
B, with an average reduction of the NO, concentration for
both walls as a result of the use of the photocatalytic
product between 50 and 60% (Fig. 13).

4 Conclusions

Overall in conclusion, the comparison between numerical
simulations and experimental results shows very good
agreement between the two and proves that MIMO is
capable of accurately describing the impact of photo-
catalytic TiO, coverings on the NO, levels in an urban
street canyon. Furthermore, both the numerical results and
the field site measurements have shown that the reduction
of NO, concentrations inside the experimental field site
configurations as a result of the use of the photocatalytic
coverings is significant.

The results from the various numerical studies that were
performed indicate that the flow field and the corresponding
dispersion mechanism in an urban street canyon are indeed
very sensitive and can be affected by many factors. Depending
on the length of the street canyon, pollution will accumulate to
different positions because of the different systems of vortices
that develop on the horizontal direction. The results have
shown that longer streets are ventilated less efficiently than
short ones, and as a result in real urban environments we
should expect lower air quality in long streets.

Furthermore, numerical results indicate that the flow field
inside a deep street canyon can be influenced by thermal
exchange between the heated walls and the street canyon air.
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Yet, in this specific experiment thermal effects seem to affect
only slightly the overall depollution efficiency of the photo-
catalytic products.

Also, numerical simulations made specifically for the
experimental field site, proved that the dispersion mecha-
nism in a street is particularly sensitive to the approaching
wind direction. Even small deviations of the approaching
direction perpendicular to the street canyon axis can enforce
the transport of pollution out of the canyon and improve its
ventilation characteristics.
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