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ABSTRACT

Air pollution from motor vehicles is one of the most serious and rapidly growing problems in
various urban centers of the world. From the population exposure point of view, the study of air
quality in urban street canyons is of paramount importance since the highest pollution levels and
considerably larger environmental impacts have often observed in these situations. To chalk out
effective counter-measures for achieving sustainable street air quality, there is a need to analyze

the air pollution dispersion phenomenon within the street canyon comprehensively.

Over the past two decades, significant progress has been made in understanding and modelling
vehicular pollution dispersion phenomena under these urban environmental conditions by using
Environmental Wind Tunnel (EWT) technique. In the EWT, the emission conditions, different
meteorological situations, terrain and topographical features could be changed at will and useful
data translatable to real-life situations might be obtained. These EWT studies carried out over the
last ten years have greatly helped in determining the pollutant concentrations under various
urban street canyon conditions as a function of building dimensions, upwind building
configuration, wind direction concerning building configuration and roof geometry. These
studies have further shown that the street canyon configuration, its aspect ratio, external wind
speed and its direction and traffic produced turbulence are some of the important factors

influencing pollutant dispersion in urban areas.

In the present study, physical modeling of various street canyon configurations in the EWT
facility at the Indian Institute of Technology (IIT) Delhi was carried out to study the
heterogeneous traffic-induced effects on pollutant dispersion in street canyon with a flyover. The
traffic-induced turbulence, coupled with natural air motions, is an important factor affecting the

dispersion of exhaust emissions, especially under low wind conditions. Therefore, a systematic
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understanding of the traffic-induced effect on exhaust dispersion mechanisms in the close
vicinity of the urban roadways/intersections/street canyons/freeways help in finding ways to
mitigate vehicular pollution. Also, an attempt to investigate the effects of building patterns and
approaching wind directions on the line source dispersion in the close vicinity of the urban
intersection along with flyover was studied. The traffic-induced effects for variable traffic
volume, speed and composition have also been investigated. And also, in the present study,
forecasting flow fields and concentration patterns in the near-field of a flyover have been
investigated. Additionally, the evaluation of vertical spread parameters for various building

patterns and approaching wind direction calculated.

A hybrid-model vehicle movement system for an urban intersection having two-way straight,
radial peripheral traffic flows and elevated roads has been designed and fabricated in the EWT.
The experiments have been carried out in the neutrally stratified atmospheric boundary layer,
representing the urban terrain category. The tracer gas concentration has measured, online, at one
hundred twenty locations by gas chromatography (FID type detector) at variable approaching
wind directions, i.e., 0°, 30°, 60° and 90°and traffic volumes, i.e., no-traffic, lean traffic volume
1200 vehicles/ hr at a speed of 35 km/hr comprising of 10 vehicles/meter length in model and
peak traffic volume of 5500 vehicles/hr at a speed of 15 km/hr in the field comprising of 38
vehicles per meter length in wind tunnel tests. Heterogeneous traffic configuration simulated by
taking 15 % two-wheelers, 15 % three-wheelers, 5 % buses and 60 % cars at a scale of 1: 100 to

generate heterogeneous traffic conditions as seen in the Indian context.

The percentage reduction in normalized concentration (K) values was maximum for an urban
road configuration consisting of flyover without buildings/and with downwind side buildings, the
percentage decrease is 79 %. For two side building configurations with/and without flyover, the

percentage decrease is 50 %. However, the reductions in K values increased with the height of
viii



the building blocks and reached its maximum value of nearly 91 % at the top of the building
blocks (z/H = 0.96) for all traffic volumes. The study has indicated that under perpendicular and
oblique wind directions, pollution distribution in the urban street canyon is affected by the
central vortex, whereas, during parallel wind flow, the pollution gets dispersed due to channeling
of the flow (Zajic D., 2011) Flow and turbulence in an urban canyon. J. Appl. Meteor. Climatol.,
50, 203-223. The effect of traffic produced turbulence reduced significantly with height (z/H).
The effect of the vehicle- induced turbulence found to be highest at the pedestrian level, while at
sampling locations close to the top edge, the effect of vehicle- induced mixing of pollution

observed almost negligible.

The percentage reduction further increased when traffic and wind flow directions were opposite
to each other. At the ‘innermost corners’ of the building blocks, facing the intersection, the
percentage reductions in ‘K’ were more than at ‘mid’ sections of the building blocks, it may be

due to the generation of the corner vortices.

The study has indicated that under perpendicular and oblique wind directions, pollution
distribution in the urban street canyon is affected by the central vortex, whereas, during parallel
wind flow, the pollution gets accumulated due to channeling of the flow. It is observed that while
the increase in traffic increases the pollutant levels in the street canyon, the effect of increased
pollution level, to a certain extent, is offset by the increased traffic produced turbulence (TPT)

generated by these vehicles.
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HieR aeHl ¥ a1g UGyl g 3 fafte 2gdt dhal & wad iR ofR deit 9 St s
A TH § | T & = BHI0Y, gt e Hia o arg ore &7 g Jad Heayuf
2, i 31 U A S Twur &1 TR 3R B0} T81 TUiaRuid THTT SRR 31 71T
g1 ohIe Ts® arg T[uraw &1 UTe & & g JHTe STarel SUTdl &1 didh-diag B &
fory, T a1t & Uik Ugwur ThalTd geHT &1 AU [ARANr 34 &1 SHTaRISHd g |

U 3l gxe! H, Tafaruid uad g (EWT) T BT ITANT HRah 3 U<t Ugiavuiig
gRfRuf & are=l & UgWUr T &1 ge1s3ll &l THeM SR Aisfei &3 # Hgayul Wit
g5 gl EWT ¥ Iqoq 1 e, fafte dram Jedft fufaal, samd ok wasfas
faRIwarsT P! SwoIfad H Sadl o ¥hdl § SR dRdids sita- o1 Rl & fog Iuah
31 BT 3dTS fhar S Joval §1 IS o9 auf & Y T8 57 EWT 31l 3 SART &
3! & Ueb YHRIE & T4 H fafts 7t g urdl ot fRufa & ded Ugwe Hisiell bl
fuffea B & 9gd Aee @1 8, Yo fa=m, &d fa= ok &a sfifa & dey & gar &
=11 S 3reae= & I8 Ul 9l © b West &l § Ugue Hhald & YUIfad o+ a1 $©
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&= & e theta 7 IR ITarira-UiRd THTd &1 T Haryd GHel aTg-i & Uguul &I HH
HIA P A Gior H HGE DT 5 | SHD ST, TATSSNAR P HTY-H1Y X1 IRTG &b U
& &7 & A1e Aid Bhard WR Fmfor Te & nura ofk ga1 3 faxmsit & e @i &t St o=l
&1 TR 3BT 7T § | TR T bt HEA, Tt 3R SR o forg Ararana-ORd uurat ot off
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eI IRTE & o al-avwpr, Meaa uikefig ardmrd yarg iR Tiidcs J8@! & e Th
gIsfors-ATed aTg 3figia Jullel &I yaiaRofig uaa g1 (EwT) ¥ fEere ik fAftfa
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Qfea, 15% fufedr arg, 5% 9 3R 60% BRI BT 1: 100 & UTAM W o forar 7 o,
dTfe R Ha # <t o Fh |

AT WEAB0T (b) Hedl | Ufderd # ! Ueb et ¥ fa-ard & fog sifdepan off
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dreqy o fore fafedn saied (z/ Z = 0.96) & 2N IR DT SITAHTH BT T 91% TH
UEd T | 3T 3 Gobd a1 § b diead 3R faRedt ga1 & S & e, W g urd
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