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ABSTRACT 
To evaluate the dispersion profiles in vertical and downwind distance, twenty one 
experiments were conducted in the three simulated Atmospheric Boundary Layers (ABLs). 
The dispersions showed that with increase in height the concentration is decreasing. The 
normalised concentrations verses downwind distance drawn and fitted a best fit curve 
(power law). The pollutant dispersion is high at the ground and near to the source. This may 
be due to the fact that turbulence level is higher near to the ground level. Plume dispersion 
around urban buildings has been investigated by physical modeling using arrays of building-
like obstacles at scales-1: 100 in a boundary layer wind tunnel. The models were laid out on 
a surface of length 4.8 m along x-axis. Dispersion experiments were carried out within the 
boundary layer in the downwind part of the working section at fan speed 1.8 m/s to produce 
a reference wind speed.  Dispersion experiments shows that concentration profiles follow 
almost the same trend as that reported in wind tunnel study Ahmad<sup>1</sup>. Also vertical 
plume, compared with field and wind tunnel values reported by Macdonald<sup>2</sup>, it 
shows that wind tunnel data’s of Macdonald and present work is showing same trend.  
Key Words: Environmental wind tunnel, Atmospheric Boundary Layers, Urban pollution.

INTRODUCTION  
  In most of the countries exist many 

buildings (obstacles) along the road ways 
which are densely populated, this is typically 
common in urban city areas. The transport 
and dispersion of vehicular exhaust released 
into atmosphere governed by the air flow 
near the ground, which depends on the 
existing geometry and arrangement of 
buildings. The entrainment of pollutant 
concentration emitted from line sources into 
the field wakes of group of buildings in near- 
field of highway can result in maximum 
concentration that are significantly greater 
than those found for similar sources in the 
open terrain. Investigations of pollutant 
transport and dispersion in an urban 

environment are critical for protecting the air 
quality, because industrial enterprises, 
vehicles and other sources of air pollution 
frequently locate within an urban area3.  

In real situations occurring in urban areas 
there is a complex interaction between 
plumes of pollutants and group of buildings 
and other obstacles. At relatively large 
distance from the source, where the plume 
cross section becomes large enough in 
comparison to individual obstacles, the 
individual building form and layout becomes 
less important and dispersion rates are 
defined mainly by the overall drag. In this 
region computational models are used to 
simulate the flow and dispersion patterns. 
However, closer to the discharge, where the 
interaction between the plume and single 
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structure dominates the plume path and its 
dispersion, detailed experiments are required 
to provide the necessary information on the 
flow patterns and the dispersion 
characteristics. Such information may be 
used in the development of an urban 
dispersion models in order to describe the 
region of impact between the plume and the 
group of buildings4. 

The problem of near field plume 
dispersion in the urban environment is quite 
complex and involves the details of the 
interaction of the plume and the flow field 
with several obstacles. This type of problem 
is not generally solvable by computational 
means and thus physical modeling is the best 
way to obtain sensible results and to study 
the influence of the various parameters 
relevant to the problem. Until the literature 
on this topic has been quite sparse; for 
example the review by Hosker5 was mainly 
concern with flow and dispersion around  
individual or small groups of obstacles. Since 
the review by Hosker5 there has been much 
more interest in the problem of dispersion 
around obstacle arrays, although only 
handful of relevant field and wind tunnel 
experiments have appeared. 

Objectives 

The main aim of the present study is to 
investigate dispersion phenomenon in 
vertical and downwind distance is simulated 
terrain conditions in wind tunnel. The 
simulated terrain features, considered for the 
present study were urban category ABLs 
simulated in the newly developed 
Environmental Wind Tunnel (EWT) at 
P.E.S. College of Engineering Mandya. An 
attempt is made for plume dispersion around 
urban buildings which has been investigated 
by physical modelling by using arrays of 
building-like obstacles at scales-1: 100 in a 
boundary layer wind tunnel. The size for the 
inline configuration is 6 x 6 arrays. The 
particular effect of obstacle width-to-height 
ratio (S/H) was examined for a fixed obstacle 
plan area density. 

MATERIAL AND METHODS 
Experimental Setup  

Experiments have been carried out in an 
open circuit, low speed and suction type 
EWT.  The layout of the EWT facility meant 
for air pollution dispersion studies has been 
shown in Fig. 1. The overall length of EWT 
is 19.7 m, out of which 12 m length is the 
test section, with cross-section of 1.2 m x 1.2 
m. The height of the bottom surface of the 
test section is 145 cm above the general 
ground level. The EWT has been presently 
housed in a built up shed. 

 

Fig. 1 : Layout of environmental wind tunnel
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Simulation of ABL Flow 
Artificially thickened ABLs have been 
produced in the EWT by the combination of 
the passive devices such as Counihan’s 
spires, tripping barrier and roughness blocks 
on the wind tunnel floor. The entire floor of 
the EWT was covered with the rough 
elements of 23 x 23 x 23 mm with a spacing 
of 70 mm (ABL-I). Three number of elliptic 
vortex generators (Counihan spires) of   940 
mm height were placed symmetrically at the 
entrance of the test section of EWT with 
rough elements (ABL-II). Further, a tripping 
barrier of 300 mm height was placed after 
the Counihan spires at 1.25 m from the 
Counihan spires with roughness elements 
(ABL-III). The design of cubical blocks has 
been carried out as per Counihan6, Gartshore 
and De Cross7 Gowda8.  
Mean Velocity Profile  

For the three cases of passive device 
arrangements in the EWT mentioned above, 
longitudinal (i.e., stream wise) mean 
velocities have been recorded at selected 
height above the tunnel floor by traversing 
single wire probe of hot-wire anemometer 
(HWA). The velocity recordings have been 
taken at 7.9 m from the entrance to the test 
section9. The availability of personal 
computer (Pentium-IV) in the laboratory 
facilitated the digital recording of the 
measured data. The PC is equipped with data 
acquisition software (8- channel). The 
observed mean velocity profile in the 
simulated ABL is represented by the power-
law given as below (eq 1),   














Z=
U
u

                   (1)        

Where z is the height for the floor/earth 
surface, u is the mean free stream velocity, 
U is the mean velocity and  ABL 

thickness, exponent alpha depends, for an 
aerodynamically smooth surface, on the 
Reynolds number and, for a rough surface, 
on the roughness length. 
Performance of the EWT 

Performance of the EWT was evaluated 
by taking flow measurements (calibration of 
the tunnel).The lateral and vertical velocity 
profiles across test section of EWT were 
observed corresponding to u∞ = 2.4 m/s 
to(100 RPM )and u∞ = 4.7 m/s (240 RPM )of 
driving unit. Lateral profiles were taken in 
the central portion up to 20 mm away from 
side walls to avoid side wall boundary layer 
effects. Vertical profiles (i.e., along the 
height of test section) were also taken for 
mean velocity of the flow at three selected 
downwind distances at central portion in the 
EWT. From the discussions, it may be 
concluded that the flow conditions in the 
EWT were of reasonably uniform type in the 
lateral and vertical direction.  
Tracer gas sampling and analysis 

The schematic of tracer gas dispersion 
experimental set-up used for the present 
study has been shown in Fig. 2. The 
hydrocarbon tracer gas used was a mixture 
and it consisted of 5 % Acetylene (C2H2) in 
grade-I Nitrogen. This tracer was obtained 
by mixing pre-calculated flow rate of 
laboratory grade 95.5 % Acetylene and 
grade-I Nitrogen (99.9%) into the mixing 
unit. After the mixer unit, the tracer gas 
mixture was fed to common multiple outlet 
container. From this container using two 
separate equal lengths (500 mm) and 
diameter (3 mm) connecting tubes, tracer gas 
was fed to two inlet ports of the line source 
system. The flow rate was maintained at  
1 LPM to ensure a low discharge velocity  
at the tips of 1 mm diameter tubing of  
the line source. 



 

225 
 

Journal of Environmental Research And Development Vol. 4 No. 1, July-September 2009

 

Fig. 2 :   Schematic view of line source dispersion experiment in the EWT 
For sampling of tracer gas at each 

desired locations was made by positioning 
five sampling probes which have been fixed 
on a 2D traverse mechanism. At each 
location, the lower probe tip was maintained 
at the tunnel floor. The sampling probes 
were made out of copper material and were 
connected by Poly Tetra Fluoro Ethylene 
(PTFE) tubing’s to suction pump of low 
flow rate (0-5 LPM) placed outside the 
EWT. At each sampling location the tracer 
samples were collected for a pre-selected 
time. The samples were collected from 
PTFE tubing was analyzed on-line by using 
gas chromatograph (GC) with flame 
ionization detector (FID).  The GC was 
frequently calibrated using laboratory grade 
tracer gas (Acetylene) of known 

concentrations during course of tracer 
experiments.         
 Details of Model 

An attempt is made for plume dispersion 
around urban buildings has been investigated 
by physical modeling using arrays of 
building-like obstacles at scales-1: 100 in a 
boundary layer wind tunnel. Models 
represent a real building height of 7 m and 
dimensions of the models are 70 mm (L) 70 
mm (W) x 70 mm (H).  The size for the 
inline configuration is 6 x 6 arrays. The 
particular effect of obstacle width-to-height 
ratio (S/H) was examined for a fixed 
obstacle plan area density. The details of 
physical model presented in Table 1. The 
tracer experiments were done in ABL-III for 
90o orientation of wind in the present study. 

Table 1 : Details of physical model for isolated roughness flow 

Sl No 

Real 
building 
height in 

m 

Scale 
S/H 

(S/H>2.0-
2.5) 

λar (%) 

(λar<8-
11) 

Width H(mm) 

1 7m 1:100 2.00 11.11 W=H 70mm 
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The models were laid out on a surface of 
length 4.8 m along x-axis. Dispersion 
experiments were carried out within the 
boundary layer in the downwind part of the 
working section. Fan  speed was set to 
produce a reference wind speed of 1.8 m/s.  
The sampling time of each point 
measurement was two minutes, which was 
sufficient to obtain a stable mean 
concentration. The tracer gas concentration 
profiles were observed at pre selected 
downwind distances from centre of the line 
source. The vertical plume dispersion was 
measured at pre selected height from tunnel 
floor.  

RESULTS AND DISCUSSION 
 Twenty one experiments were 

conducted to study the dispersion profiles in 
vertical and downwind distance in the three 
simulated ABLs. For each simulated ABL 
seven experiments were conducted to 
measure vertical concentration profile 
distribution at downwind distances of 8 cm, 
90 cm, 100 cm, 130 cm, 210 cm, 226 cm and 
244 cm from simulated line source. 

Fig. 4 and Fig. 5 presents the vertical 
dispersion between normalised 
concentrations and height above tunnel floor 
(i.e. above roughness blocks) for simulated 

three ABLs respectively. The dispersions 
showed that with increase in height the 
concentration is decreasing. A best curve is 
fitted by drawing power law profile. The 
power law exponent showed a negative 
value indicating that with increase in height 
the concentration of the tracer decreased. 
The values of power law exponent lies 
between -2 to -3.5 for the ABLs. The R-
squared value is in the range of 0.9 to 0.98 
for power law profile fitting to the vertical 
concentration profiles for the simulated three 
ABLs. 

 The tracer concentration is maximum 
near the simulated line source in comparison 
to downwind distances and also the tracer 
concentration is maximum at the tunnel floor 
than at higher elevations. The normalised 
concentrations verses downwind distance 
and a best fit curve (power law) are shown in 
Fig. 7 and Fig. 8. The dispersion curve 
followed power law profile. The pollutant 
dispersion is high at the ground and near to 
the source. This may be due to the fact that 
turbulence level is higher near to the ground 
level. Thus urban roughness conditions play 
vital role in dispersion near the ground or in 
the lower ABL. The power law exponents 
gradually decreased with increase in height. 
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Fig. 3 : Vertical dispersion profiles for the simulated ABL-I 
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Fig. 4 : Vertical dispersion profiles for the simulated ABL-II 
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Fig. 5 : Vertical dispersion profiles for the simulated ABL-III 
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Fig. 6 : Variation of concentration in downwind distance at different heights for ABL-I 
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Fig. 7 : Variation of concentration in downwind distance at different heights for ABL-II  
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Fig. 8 :  Variation of concentration in downwind distance at different heights for ABL-III 

Comparison of plume dispersion through 
array of obstacle 

Eighteen experiments were performed 
for evaluating concentration profiles and 
performed to evaluate σz/x at 130cm and 
240cm downwind distances from line source
 forABL-III. The concentration profiles 
follow almost the same trend as that reported 
in wind tunnel study Ahmad1.Fig. 9 presents 
comparison of experimental concentration 
values with the WT data. Also vertical 

plume, compared with field and wind tunnel 
values reported by Macdonald2, it shows that 
wind tunnel data’s of Macdonald and present 
work is showing same trend. But some 
discrepancy is there between field values of 
Macdonald2 and the present wind tunnel 
data’s may be due to wind speed, and 
turbulence. The experimental values of σz/H 
obtained have been compared with field as 
well as with WT data as reported by 
Macdonald2 shown in Fig. 10. 
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Fig. 9 : Comparison of experimental 

concentration values with the WT 
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Fig. 10 : Comparison of experimental σz/H 

values with the WT and field 
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CONCLUSION 
For each simulated ABL seven 

experiments were conducted to measure 
vertical concentration profile distribution at 
pre selected downwind distances from 
simulated line source. The vertical 
dispersions showed that with increase in 
height the concentration is decreasing. A best 
curve is fitted by drawing power law profile. 
The power law exponent showed a negative 
value indicating that with increase in height 
the concentration of the tracer decreased. The 
values of power law exponent lies between -
2 to -3.5 for the ABLs.  The normalised 
concentrations verses downwind distance 
drawn and fitted a best fit curve (power law). 
The dispersion curve followed power law 
profile. The pollutant dispersion is high at 
the ground and near to the source. This may 
be due to the fact that turbulence level is 
higher near to the ground level. Thus urban 
roughness conditions play vital role in 
dispersion near the ground or in the lower 
ABL.  

Plume dispersion around urban buildings 
has been investigated by physical modeling 
using arrays of building-like obstacles at 
scales-1: 100 in a boundary layer wind 
tunnel. Dispersion experiments were carried 
out within the boundary layer in the 
downwind part of the working section fan 
speed of 1.8 m/s was set to produce a 
reference wind speed. The concentration 
profiles follow almost the same trend as that 
reported in wind tunnel study Ahmad1. Also 
vertical plume, compared with field and wind 
tunnel values reported by Macdonald2, it 
shows that wind tunnel data’s of Macdonald 
and present work is showing same trend. But 
some discrepancy is there between field 
values of Macdonald2 and the present wind 
tunnel data’s may be due to wind speed, and 
turbulence. 
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