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Abstract: Increasing vehicle traffic emissions seriously detates dispersion conditions in big cities. Iriltbup areas street intersections
represent regions of pollutant exchanges betweertstanyons. The objective of this study is tcestigate the influence of the approach
flow direction on contaminant spreading within amersection in an idealised symmetrical urban akésan velocity fields and mean
concentration fields are measured at a model airudyea in wind tunnel for several wind directiofdvective scalar fluxes in horizontal
and vertical direction are computed from measurggd dor every flow direction to quantify pollutaspreading. The requirements of the
similarity of a real atmospheric boundary layer andodel boundary layer in the wind tunnel aresfiatl. Results of the experiment show a
significant sensitivity of measured quantities witlthe intersection on the approach flow directtbns the approach flow extensively
influences contaminant spreading within the byitarea. The highest contaminant concentrationsflards are measured in the bottom
parts of street-canyons. The important role ofwiéical turbulent scalar flux in street-canyon tation is expected because of non-zero
sum of all measured advective fluxes within theeriséction. The 15° flow direction was found to bhe most favourable dispersion
conditions in the studied area.
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INTRODUCTION

Vehicle traffic pollutants emitted directly to sttecanyons can cause serious danger for peoplarge lurban areas. As
shown in (Robins Aet al, 2002) and (Wang X. and K.F. McNamara, 2007),es$tiatersections represent regions of
pollutant exchanges between street-canyons andgéeimetry play an important role in pollutant disgpon and ventilation
of urban areas. The objective of this study isneestigate the influence of the approach flow dicgcon contaminant
spreading within an intersection in an idealisedhisyetrical urban area. The model of idealised udraa was designed after
the common European inner-city area with apartnhentses with pitched roofs. Regular blocks of 24 ghhapartment
houses form perpendicular arrangement of stregtorenand intersections (see scheme in Figure B Miihd tunnel model
has been scaled down to 1:200. We consider clesistat obstacle heighi = 20 m as a height of building walls to the
bottom edge of roofs. Characteristic obstacle lehgtt?0 m is a width of street canyons.

EXPERIMENTAL SET-UP

The experiment was conducted in a low-speed openitierodynamic tunnel at the Institute of Themmeghanics AS CR

in Novy Knin. A fully turbulent boundary layer wagveloped by a 20.5 m long section of the tunnelpged with spires

and roughness elements. The test section of tekim2 m long, 1.5 m wide and 1.5 m high. Fonflmeasurements two-
dimensional optical fibre laser Doppler anemométripA) was used. Concentration was measured using-gsponse

flame ionisation detector (FID) with ethane used &scer gas. Ethane is a passive and non-reas/eiith its own density
close to the density of the air. The tracer gasukiting traffic pollutants was emitted from a posturce placed at the
bottom of a street canyon in front of the studiezha
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Figure 1. Scheme of built-up area model, studieshXped intersection and the photograph of the npdeéd in the wind tunnel. Street
aspect ratio wak/H = 0.83, wheré is width of the street artd is the characteristic height of buildings. The tidf buildings was 013.
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A vertical profile of turbulent flow characteristiovas measured above the measuring position uredgratly stratified
conditions (see Figure 2). Measured velocity dagaevfitted by the logarithmic and power law. Rouggslength and zero
plane displacement were obtained from mentionebyfithe logarithmic law. The exponemntwas determined by fitting the
power law. This corresponds according to (Britter.Ruitd S.R. Hanna, 2003) and (ASCE, 1995) to paramfgteboundary
layer flow above a densely built-up area withoutthmebstacle height variation - roughness lerzgth 1.1 m, displacement
do = 8.5 m and power law exponent 0.3 in full scale.

To verify requirements for Townsend hypothesis, (§emnekes H. and J.L. Lumley, 1972) or (Townserdl. AL976), the
critical Reynolds building number was found. BuilgiReynolds number is given by

Re, =z (1)
v
wherev is kinematical viscosityJ,4 means a characteristic reference velocity measatrbjhz = 2H. The experiment was
carried out by building Reynolds numbergRe18 000 that lies on the lower edge of interealvfalid Townsend hypothesis.
Relevant free stream velocity was 3 th.s

RESULTS

To quantify spreading of vehicle emissions withie street canyons horizontal velocity of flow amaentration of tracer
gas were measured in vertical c(tsoss-sections) placed at outfalls street canypomhected to the studied crossing (see
Figure 1). Furthermore, vertical velocity and cartcation were measured in a horizontal plane atlex@l (z=1.2H) above
the crossing. Results were obtained for 5 diffexeies of the angle of approach flow angle 0°, 5°, 15°, 30° and 45°.
From velocity and concentration values scalar fuskpassive contaminant were computed.

Due to an understandable image of results we useghsformation of the measured three-dimensioriditg a horizontal

plane (see Figure 3). Vertical cuts of the measgratiwere tipped out to the horizontal plane gigrthe roof level of the

crossing. An orientation of velocity vectors in thertical cuts was maintained in the horizontalirplanage because we
measured only horizontal velocity there.
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Figure 2. The vertical profile of turbulent chaexidtics above the  Figure 3. The scheme of trans-formation of the mess3-D grid
studied area to the horizontal plane.

Velocity field
The flow inside the canopy is strongly three-dinienal and vortexes of various scales are formetiiwiand above the
canyons and crossings. Measured velocity fiel@épsasented by dimensionless horizontal velddityand vertical velocity
W* given by

ur=_" wr= W )

whereu andw are measured horizontal and vertical componentglaitity, U,; means a characteristic reference velocity
measured at high= 2H. A contour plot of scalar values was added to esaaf velocity field.

Concentration field
The dimensionless concentratiGh for a tracer emitted from a point source was aia@ifrom formula (ASCE, 1995) by
2
or=Sal ®
Q

whereC means measured concentration, means velocity at the height= 2H andQ is a source emision.
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Flux field
To better quantify spreading of traffic emissionthim street-canyons we computed a relative dinmmsss flux of passive
contaminant (further only fluxy* by

F*=U,*C*, (4)

where U;* is the component of dimensionless velocity perpridr to the given plane an@* is dimensionless
concentration - see similar approach in (Belcher,2@05) and (Robins A., 2009). This flux expresseate of emissions
spreading through a unit plane caused by an adrecittinsfer.

For images of flux fields we use this conventiorsigins: the positive sign means flux outward fréwa ¢rossing area to the
street-canyons or upwards and the negative signnsnélax inwards or downwards the crossing area. Better
understanding horizontal velocity vectors were adaeflux field images.

We can observe quite asymmetrical flux fieldgoy 0° (Figure 4). There is a higher flux into thght transverse street — cut
D than into the left transverse street — cut B. Tikiprobably caused by a small geometrical dewiatb the model.
However, it means very strong sensitivity of theolehsystem to the border conditions. Notice a negat.e. downward,
flux on the top. A roughly inverse spread flux diés formed byp = 5° (Figure 5) compared to the cgse 0°. We can see a
significant transport to the left transverse streetit B. The lowest fluxes were measured in cage=ofl5° case within the
studied area (Figure 6). Emissions were transpariathly to the left transverse street — cut B. Thisran area of the
positive flux on the right side of the top of th@ssing. We got similar flux field fop = 30° (not shown), but with higher
flux values. A spreading of emissions mostly to ki side still predominated by = 45° (Figure 7). We measured an
increase in flux especially it the left transvesseet — cut B. There is mostly positive flux on tbp of the crossing, but the
magnitude of it is insignificant.
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Figure 4. Relative dimensionless flux of passivetaminant field Figure 5. Relative dimensionless flux of passivetaminant field
for approach flowp = 0°. for approach flowp = 5°
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Figure 6. Relative dimensionless flux of passivetaminant field Figure 7. Relative dimensionless flux of passivetaminant field
for approach flowp = 15°. for approach flowp = 45°.

For getting an information about absolute valuesliofensionless flux of passive contaminant in défe parts of studied
area we computed an absolute dimensionless flpasdive contaminant (further only absolute flEx) by
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Fo* = A*U,C*, )

where A* is dimensionless area whetg* and C* were measured. The convention of signs is the sasnfor relative
dimensionless flug*.

The comparison of absolute fluxes in cuts areabimwithe studied intersection is shown in Table ke ¥én observe an
asymmetrical distribution of pollutant in cuts B addor ¢ = 0°, that corresponds to Figure 1. Notice a $icpmit decrease
of absolute flux in cut D fronp > 0°. The comparison between fluxes in cuts B andi@tésesting for different values of
We observe the strongest stream of pollutant irCcfdr ¢ = 0° ande = 5°, but there is the highest flux in cut B {o= 15°,
30° and 45°. Values of absolute flux in cut A faffetent wind directions shows a significant deseaf flux bye = 15°.
Take a note of similar distribution of pollutantarcuts B and C in this case so we can anticipate gespersive conditions
within the intersection. Measured values of absolgrtical flux in cut TOP are negligible compatechorizontal fluxes so
this flux influences ventilation of the intersectimsignificantly.

It's obvious that the sum of absolute fluxes incaits for every wind direction is negative (seeltts column in Table 1). It
means there must be extensive escape of pollutamtthe intersection. Measured flux represents adiective transfer of
pollutant so we can expect an extensive transfepadfutant by turbulent transfer especially throutjie top area of
intersection.

Table 1. Absolute dimensionless flux of passivetarinant field computed for full areas of cuts tadsed intersection

0] Cut A B C D TOP A+B+C+D+TOH
. Fa* -1,99 0,1 1,07 0,34 -0,03 -0.50
0 % -100% 5% 54% 17% -2% -25%
5o Fa* -1,96 0,46 1,04 -0,05 -0,02 -0.53
% -100% 23% 53% -3% -1% -27%
150 Fa* -1,47 0,56 0,48 -0,07 -0,01 -0.50
% -100% 38% 33% -5% -1% -33%
30° Fa* -1,79 0,88 0,37 -0,05 0,05 -0.54
% -100% 49% 21% -3% 3% -30%
45° Fa* -1,93 1,01 0,39 -0,15 0,07 -0.62
% -100% 52% 20% -8% 4% -32%

Because of computing absolute fluxes in differemtgpaf vertical cuts in studied intersection weidid every vertical cut
into three parts. Absolute fluxes in bottom partofs with vertical extent fromH0to 1/3H are shown in Table 2. First of all
compare values of absolute fluxes in Table 1 toeslin Table 2. Absolute fluxes in the bottom thifccanyons are about
30-55% of absolute fluxes in full cuts. Distributiof absolute fluxes to individual cuts for diffatevind direction is similar
to distribution in Table 1 - we observe a mainastneof pollutant in cut C fop = 0° andp = 5°, but there is the highest flux
in cut B fore = 15°, 30° and 45°.

Table 2. Absolute dimensionless flux of passivetamnant field computed for the bottom part of datstudied intersection

0 Cut A B C D

o Fagk -1.07 0.03 0.45 0.19
% -100% 3% 42% 18%

. Fag® -1.02 0.23 0.42 -0.02
% -100% 23% 41% 2%

- Fagk -0.58 0.24 0.13 -0.03
% -100% 41% 23% 5%

20° Fagt -0.64 0.38 0.11 -0.01
% -100% 59% 18% 2%

450 Fag® -0.81 0.39 0.10 -0.04
% -100% 49% 12% -5%
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CONCLUSION

The described wind tunnel experiment quantifiedfitrgpollutant diffusion at the X-shaped intersectiin an idealised
symmetrical urban area depending on the directfompproach flow. We found high sensitivity of tHew pattern within
street-canyons to the approach flow direction. Tlghest concentration of traffic pollution occurredbottom levels of
streets. We computed relative and absolute dimelesis fluxes of passive contaminant to better diysadivective transport
of traffic emissions within street-canyons. Valwégluxes showed spreading of pollution mostly withhe running street
with the source found for small angles of appromiv ¢ < 5°. We observed spreading of pollution mostlyte transverse
street down the wind by angles> 15°. Absolute fluxes in the bottom thirds of theest canyons reached up to 55% of
fluxes computed for the whole cross-section of oasy We estimated a significant role of the velttoabulent flux in
street-canyon ventilation because of non-zero suafl measured fluxes within closed area and négkgvertical advective
flux of passive contaminant measured in the hotagriane above the studied intersection. The dispersive conditions in
the studied crossing were measured for approacth angle 15°.
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