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Abstract 

The location of air intakes is of prime importance in buildings that are situated in close proximity to busy urban roads. If 

intakes are placed where the concentration of traffic pollution is high then indoor air concentrations can reach similarly high 

levels. This paper presents the findings from a wind tunnel investigation into the dispersion of a simulated traffic pollutant in a 

I: 100 scale model. The concentrations at different points on a building in the model are measured and a comparison with full

scale data is made. © 2000 Elsevier Science Ltd. All rights reserved. 

1. Introduction 

' 

Traffic pollution is o'f increasing concern in many of 
the world's cities. Occupants in buildings situated close 
to busy roads can expect to be exposed to a range of 
pollutants emitted by the motor vehicle such as oxides 
of nitrogen, volatile organic compounds and carbon 
monoxide (CO). Although the health effects of these 
pollutants are not yet fully understood, asthma, other 
respiratory diseases and some cancers have all been 
linked to traffic emissions [1,2]. On an urban scale, 
89% of all the carbon monoxide in the atmosphere is 
due to the motor vehicle [3] and the concentration of 
CO in the atmosphere has been shown to be a good 
indicator of the concentration of other traffic related 
contaminants [4]. 

Wind tunnel modelling of the atmospheric boundary 
layer has been extensively used in the past to predict 
pollutant concentrations around buildings as a result 
of a pollution incident - such as the discharge of 
effluent from an adjacent stack or the exhaust from 
motor vehicles at a nearby road junction. Wind tun
nels allow the complex airflow patterns that develop 
around structures to be modelled and are an important 
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tool in the study of the dispersion and transport of 
traffic pollutants in the urban environment. When con
centration measurements are taken in the field there is 
no control of parameters such as wind speed, wind 
direction and ambient temperature and as a conse
quence the interpretation _of data is often difficult. A 
wind tunnel not only offers control over these par
ameters but also facilitates a more efficient and econ
omical testing regime. 

Previous studies of pollutant dispersion around scale 
models in wind tunnels can to a large extent be cate
gorised into one of three forms: (i) an idealised city; 
(ii) a single building with simplified geometry; and (iii) 
a site specific problem. In most studies, an inert tracer 
gas such as sulphur hexafluoride ( S F  6), ethane or kryp
ton 85 is injected at specific points in the model to 
simulate the pollutant source (i.e. traffic exhaust) and 
concentration measurements are then taken at different 
points on the model for a range of wind directions. 
Dispersion studies of idealised city forms have illus
trated the interaction of the geometry of the urban en
vironment and wind conditions in determining the 
dilution of traffic pollution. In these studies the simpli
fied city is typically modelled as an orthogonal grid of 
streets and avenues with a stationary traffic queue 
modelled as a line of discreet emission points [5-7]. 
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Nomenclature 

C1 concentration at location 1 (ppm) 
C2 concentration at location 2 (ppm) 
d displacement height (m) 
K concentration coefficient 
KL model length scale 
k von Karman's constant (0.4) 
M emission rate (g/s) 
Q volume flow rate of air (m3/s) 
U* friction velocity (m/s) 

Model studies of pollutant dispersal around single 
buildings have highlighted the significance of flows in 
the wake of buildings in determining the pollution con
centration [8,9]. Wake flows were found to be heavily 
dependent on the building shape and orientation and 
on the scale of the approaching boundary layer. 

If the correct scaling conditions are applied to a 
model, then wind tunnel measurements of pollutants 
around even complex buildings can l:>e representative 
of those found in the field. This was illustrated in a 
site-specific study in which the dispersion of gases in a 
built up area were investigated to assess the impact of 
an accidental release of a toxic gas at an industrial 
plant [10]. ,!\'ind tunnel results were compared to 
measurements obtained in the field and in general the 
data indicated excellent agreement. In a further vali
dation of field and wind tunnel measurements, it was 
shown that the dispersion of exhausts from motorways 
could be adequately simulated in a wind tunnel since 
the wind turbulence causing the dispersion depended 
primarily on the geometry of the surroundings [11]. 

When considering the ventilation of a building in 
the urban environment, either by natural or mechan
ical methods, the position of openings/air inlets is of 
great importance if the contamination of the indoor 
air is to be avoided [12,13]. Studies have shown that if 
openings are placed where the pollutant concentration 
is high then indoor concentrations can reach similarly 
high levels [14,15]. Wind tunnel studies can therefore 
be very useful in providing information on where best 
to locate air inlets. Previously, few studies have used 
wind tunnel measurements in this way to assess the 
impact of different vent locations. A notable exception 
to this was a study used to evaluate odour problems 
associated with diesel trucks at loading docks. In this 
study the effects of different air intake locations and 
building configurations were investigated [16]. 

The current study is concerned with the concen
tration of traffic pollutants at the facade of a naturally 
ventilated building situated in close proximity to a 
busy urban ring road. Tracer gas concentrations were 
measured on a 1:100 scale model and compared to car-

UrzJ mean velocity at height z (m/s) 
z height above datum (m) 
ZroJ roughness length (m) 
Re building Reynolds number 

subscripts p and m denote model and prototype and 
concentrations are expressed in volumetric parts per 
million (ppm) 

bon monoxide levels obtained in a previous field study 
[17]. The results are then used to evaluate different air 
intake positions. 

2. Wind tunnel testing 

2.1. Low velocity atmospheric wind tunnel 

The wind tunnel used in the tests was a small open
jet wind tunnel capable of delivering a maximum air 
speed of 4.5 m/s. The working section has a width of 
1 m, height 0.75 m and length 2.25 m [18]. The wind 
tunnel is relatively simple, and its use may be criticised 
on the grounds that is does not allow appropriate 
simulation of the turbulence structure. The mean vel
ocity can be reasonably well simulated, but there is no 
real control over the generation of turbulence. In par
ticular, the small upstream fetch and the relatively 
large size of the model (compared to the tunnel dimen
sions) do not allow for artificial generation of large
scale turbulence in the outer boundary layer, nor 
small-scale turbulence close to the ground. 

The choice of model scale factor (KL= 100) is based 
on practical convenience rather than the scales of tur
bulence, although as noted in Section 2.2, there is evi
dence from the mean velocity profile that the small
scale turbulence is reasonably simulated; this may be 
misleading because the mean velocity and the turbu
lence are unlikely to be in equilibrium with such a 
small fetch. On the positive side, there is some evi
dence that the importance of turbulence generated in 
the proximity of the building has been underrated in 
the past [19]. 

There are also other arguments for at least attempt
ing to use such a simple tunnel for the present pur
pose. First, it is an inexpensive facility in terms of 
capital and running costs. This can be an important 
factor when dealing with the design of buildings for 
which the development budgets are often likely to be 
small. 
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On a more technical level, for ventilation design pur
poses it is not absolute values that are of prime inter
est, but relative values. The objective here is to 
determine the best positions for air inlets. The absolute 
values will depend on the emission rates that are out
side the control of the designer. Furthermore, it is 
mean values that are of interest, rather than instan
taneous values or levels of fluctuation. This is simply 
due to the fact that indoor concentrations take a finite 
time to build up. If the mean concentration at an 
opening is simulated, but the fluctuations are not, the 
resulting error in indoor concentrations is likely to be 
small unless there is a strong correlation between the 
concentration and the flow rate at the opening (20]. 
On this basis the simulation of turbulence structure is 
less important than it is, say, for the design of struc
tures where instantaneous gust loading is of prime con
cern. Of course turbulence levels do affect the mean 
values, such as mean concentrations in the dispersion 
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of plumes. However such effects will be reduced in the 
present tests by the virtue of the fact that we are not 
dealing with a point emission source, but one which 
approximates to a two-dimensional line source. 

2.2. Non-uniform velocity profile 

At the end of the settling chamber, a grid of hori
zontal slats is used to generate a non-uniform velocity 
profile in the tunnel. A staggered arrangement of 
70 mm cubes was placed 450 mm downwind of the 
slats to represent the low urban environment in the im
mediate vicinity of the modelled area. The variation of 
mean longitudinal velocity with height in the tunnel is 
represented by the logarithmic velocity profile for a 
thermally neutral atmosphere, i.e.: 

U* [z - d] 
U(z) = k In z;;-

1.5 

u(z) mis 

2 

y = 1.9628x + 1.1097 

R2 = 0.9087 

2.5 

(1) 

3 

Fig. 1. Wind tunnel logarithmic velocity profile. 
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rearranging Eq. (1) gives: 

ln(z - d) = (: *) u(z) + ln(zo) (2) 

Fig. 1 shows a plot of UrzJ vs ln(z-d) for a reference 
wind velocity in the tunnel of 2 m/s and displacement 
height of 70 mm (i.e. the height of the cubes). The vel
ocity profile was measured using a Pitot tube placed at 

\ 

20m 

� 
1. Institute of Building Technology, 

Height, h=Bm 

2. Architecture Department, h=14m 
3. Architecture Studios, h=5m 

4. Housing Estate, h=10m 

' 
N A52 

the edge of the model. From Fig. 1 the y-intercept, 

ln(z0), is equal to 1.11 giving a value for z0 of 3.0 mm. 
Although the measurements are relatively crude, the 

equivalent full-scale value of z0 is 0.3 m, which is 

reasonably representative of the area under consider

ation. Typically a value for z0 of between 0.3 and 0.4 rn 
would indicate terrain similar to the outskirts of town, 

a few kilometres upwind of the site, whilst a value 

A52 

A6514 

IBT 

Fig. 2. Area modelled in the wind tunnel and the position of the IBT relative to the local road network. 
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Fig. 3. Wind tunnel set up and apparatus. 

between 0.4 and 1.0 m would represent the centre of a 
small town [21]. 

2.3. Reynolds number (Re) 

For sharp-edged (bluff-body) buildings, the flow 
field should be indepensfent of the approach velocity if 
the Reynolds number, Re, is greater than a critical 
value (typically quoted as 11,000). With a reference 
tunnel speed of 2 m/s and a characteristic model length 
of 8 cm (building height), the value of Re is 1.3 x 104 

- i.e. greater than the critical value. 

3. Scale model construction 

A 1: 100 scale model was constructed of the area 
shown in Fig. 2. The Institute of Building Technology 
( IBT) is housed in a naturally ventilated building situ
ated in close proximity to a busy urban ring road 
(A52). Traffic flow figures supplied by Nottingham
shire County Council for this section of the A52 show 
that rush-hour peak flows are typically in the region of 
2500 vehicles per hour in each direction. During these 
peak periods traffic can be stationary for short periods, 
whilst at other times the traffic is to a large extent free 
flowing. Total daily flows are in the region of 25,000 
vehicles in each direction. 

The model of the IB T building was constructed 
from 3 mm perspex and the surrounding buildings and 
features constructed from medium-density fibreboard. 
Prior to making the model, a surveying exercise was 
performed to determine the gradient of the road and 
the relative height of the IBT with respect to the road; 
this detail was incorporated into the model. It was 

D•mrmrm------•-•••-• 

necessary to simplify some of the finer architectural 
detail on the buildings due to the scale of the model 
and no attempt was made to model any surface rough
ness. 

To simulate the exhaust emitted from a queue of 
stationary traffic, 40 x 1 mm diameter holes were 
drilled in a 800 mm length of 9 mm internal diameter 
copper tubing. The holes were separated by 20 mm to 
represent an average spacing of 2 m full scale between 
successive vehicle exhausts in congested traffic. The 
tube was then positioned on the model at the centre 
line of the roadway. S F6 tracer gas was delivered to 
the tube at a controlled rate of 1 I/min via a Bron
khurst mass flow controller. 

25cm 24cm 
-

•6 l r---f"" I . • ·-�·; 5 4 

Roadside Side 2. 

•17 
• 12 

. . 
13 11 . 

18 

Back Face Side 1. 
Roadside 

I • 
Tapping 

Fig. 4. Location of the tappings on the 1: 100 scale model. 
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The IBT model was fitted with several tappings (0.8 
I D  mm brass tubing) flush on its surface to allow 
measurement of tracer gas concentration at different 
locations. Plastic tubing was attached to each of the 
tappings via a hole in the wind tunnel table and con
nected to the instrumentation as shown in Fig. 3. 

In total, 20 different sampling locations were 
se lected on four of the building faces and, in addition, 
two tappi ngs were placed on the roof (Fig. 4). Table 1 
shows the heights of each tapping on the model. 
Analysis of the gas samples wa carried out using a 
Binos 1000 gas analyser connected to the tappings via 
a selection box: and the concentrations recorded 
directly onto a personnel computer running a simple 
logging programme. On a weekly basis the span and 
zero point of the gas analyser were calibrated u sing a 
standard gas. Drift was found to be within ±5%. 

4. Experimental procedure 

The concentration of S F  6 was measured at each tap
ping for nine different wind angles· and a constant 
reference velocity of 2 m/s measured at 0.6 m above 
the wind tunnel table. Due to limitations in the logging 
program it was only possible to log concentrations 
every second, so for each location readings were taken 
over a period '0f 1 min (i.e. 60 readings) and an aver
age calculateq. The selection box was manually 
adjusted between successive locations and since this 
involved entering the tunnel a 2-min period was 

Table I 
Tapping heights on 1:100 scale model 

Tapping 

I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
II 
12 
13 
14 

15 
16 
17 
18 
19 
20 
2 1  
22 

Height (cm) 

1.5 
3.5 
5.5 
3.5 
3.5 
7.0 
3.5 
3.5 
3.5 
5.5 
3.5 
5.5 
3.5 
2.0 
2.0 
3.5 
7.0 
2.0 
2.0 
5.5 
3.5 
5.5 
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� 
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"O 
•<;; 
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e 
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Cl> 
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0 22.5 45 67.5 

�tapping 1 
-tapping2 
-+-tapping 3 

-*-tapping 4 
-&-tapping 5 

90 135 

wind angle (degrees) 
Fig. 5. Tracer gas concentrations (ppm SF6) recorded at the roadside tappings in the windtunnel. 0 deg=North wind. 

allowe d between runs to enable the flow fiel d to stabil
ise. 

5. Wind tunnel test results 

The average concentration recorde d at each location 
for the different wind directions is shown in Figs. 5-8. 
It is evident that for most of the tappings the highest 
concentration occurs when the wind is from a north
erly direction (i.e. the building is downwind of the pol
lutant source) an d that the concentrations are greatest 
on the roadside face. The maximum concentrations on 
Side l are comparable to those on the roadsi de face 
an d those on Side 2 similar to the back face. 

5 .1. Concentrations at the roadside and back face 

Table 2 shows the maximum concentrations 
recorde d at the roadside and back face for different 
win d directions. The maximum concentrations on the 
roadsi de and back face occur when the wind is from 
the north, i.e. 340 ppm at tapping 1 and 170 ppm at 

tapping 16. This represents a re duction of 50% 
between the maximum at the roadside and back face. 
With different wind directions, re ductions of up to 
75% were observe d between the roadside and back 
face maxima. 

5.2. Variation in concentration with height 

The variation in tracer gas concentration with height 
was also consi dered. Taking the north win d case, 
Table 3 shows the difference in concentration with 

Table 3 
Variation in measured tracer gas concentration with height on the 
roadside face 

Tapping Height (cm) Average tracer gas concentration (ppm) 

1.5 340 
2 3.5 290 
3 5.5 270 
4 3.0 320 
5 3.0 270 
6 (roof) 7.0 110 
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height on the roadside face. Tappings 2 and 3 on the 
model represent the position of the ground and first
floor windows on the full-scale building. Under steady 
state conditions there is a re duction of 7% between 
the concentration recorde d at the groun d floor window 
and that recorde d at the first floor. 

5 .3. Concentrations at roof level 

A tapping was placed on the roof of the mo del at a 
height of 7 cm, on both the roadside and back face. 
From Fig. 9 it can be seen that the tracer gas concen
tration at both roof top tappings was highest when the 
win d was from the north. In this case, a maximum 
concentration of 110 ppm was recor de d at the roadside 
roof tapping, which represents a re duction of almost 
70% in the maximum concentration recorde d on the 
roadsi de wall (340 ppm at tapping 1), and a re duction 
of 60% from the concentration recorde d at tapping 2 
(ground floor window). Slightly greater reductions 
were found at the back face roof tapping, 75% and 
70% respectively. 

200 

180 

160 

e 
Q. 140 Q. -
c: 
0 

120 +:; 
e ..... 
c: 
QJ 100 u 
c: 
0 
u 
I/) 80 I'll 
Cl 
... 
QJ 

60 u 
e 
I-

40 

20 

0 
-90 -45 -22.5 0 

6. Comparison of wind tunnel and field measurements 

In two separate experiments fiel d-data was collecte d 
around the area mo delled in the wind tunnel study. In 
the first experiment (Experiment 1), CO concentrations 
were recorde d at 15 min intervals over a two-week 
period at the kerbsi de of the A52, and at a ground
floor win dow on the IB T buil ding (equivalent to tap
ping 2 on the mo del). In the second experiment 
(Experiment 2), an additional sample point was a d ded 
at  a first floor window (equivalent to tapping 3 on the 
model). Local wind direction and velocity were 
recorded in Experiment 1 by means of a wind vane 
mounted on the roof of the IB T building. 

Table 4 summarises the results from the field stu dy. 
The lower average concentrations recorded in the sec
ond week of Experiment 1 were a result of the differ
ent wind conditions experience d. In the first week the 
average wind direction was such that the IB T was 
downwind of the traffic source (i.e. between northerly 
an d southerly), whilst in the second week the average 
wind direction was such that the IB T was upwind of 
the traffic source. The dilution in CO concentration 

BACK FACE 

22.5 45 67.5 

-+-tapping 16 
-tapping 15 
-.-- tapping 14 
"'*'"tapping 11 
-e-tapping 12 
-tapping 13 

90 135 

wind angle (deg) 
Fig. 6. Tracer gas concentrations (ppm SF6) recorded at the backface tappings in the wind tunnel. 0 deg= North wind. 
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300 

-
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.!:: 
c 
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c 
Q) 
CJ 
c 
0 
CJ 150 
(/I 
Cll 
Cl 
... 
Q) CJ 
� 100 

I-

50 

-90 -45 

SIDE 1 

-22.5 0 22.5 45 67.5 

-+-tapping 18 

-tapping 19 
_,._tapping 20 
-+-tapping 21 
-<>-tapping 22 

90 135 

wind angle (degrees) 
Fig. 7. Tracer gas concentrations (ppm SF6) recorded at the side 1 tappings in the windtunnel. 0 deg= North wind. 

between the kerbside samplin g point and the ground 
floor wi ndow showe d little variation in the exper
iments suggesting that when averaged, the wind direc
tion had little influence on the dilution between the 
points. 

There are several ways of comparing the concen
tration readings obtained in the wind tunnel (model) 
and data recorded in the field (prototype) - the 
underlying problems are that the actual emission from 

the prototype vehicles in the field is unknown, and the 
wind direction and speed are constantly changing. 

Table 4 

6.1. Comparison of dilutions between kerb and building 

This is potentially the. best comparison, because 
measurements at corresponding points have been made 
on both the prototype and the model. If we assume 
similarity of the velocity fields and emission character
istics, then the concentration fields should be similar, 
i.e.: 

(3) 

Summary of the carbon monoxide concentrations recorded in the field study. (1) =ground floor window, (2) =first floor window 

Ex pt Average CO concentration (ppm) 98-percentile CO concentration (ppm) Dilutions 

Kerbside Window (1) Window (2) Kerbside Window(!) Window (2) Kerbside/Window (1) Kerbside/Window (2) 

Expt 1 
Week I 3.9 1 2. 32 14 8 1. 75 
Week 2 1.6 1  0.64 8 4.5 1.77 
Expt 2 1.2  0.60 0.5 6.6 4.3 3.5 1.5 3 1.88 
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120 -
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90 135 
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Fig. 8. Tracer gas concentrations (ppm SF6) recorded at the side 2 tappings in the windtunnel. 0 deg= North wind. 

where the subscript m and p denote model and proto
type, and C1 and C2 are concentrations at two speci
fied points. 

Taking C1 =kerb concentration and C2 =building 
concentration, Table 5 shows the dilutions obtained in 
the model for the range of wind directions measured 
during week 1 of Experiment 1 in the field study. 
During this period, the dilution between the kerbside 
and the ground floor window was found to be between 
1.53 and 1. 78, based on the 98-percentile concen
trations (Table 4). The 98-percentile was used as the 

Table 5 

basis for comparing the field and wind tunnel data in 
an attempt to overcome inhere.nt difficulties in compar
ing the data from the two sources. By making the fol
lowing assumptions the concentrations measured in 
the wind tunnel can be demonstrated to be reasonably 
representative of those in the field. 

An initial assumption, presumes that in the field 
study the maximum concentrations were recorded at 
times when the actual traffic conditions during the 
peak traffic periods most closely resembled the mod
elled queue of stationary emission points. It was also 

Dilutions measured in the wind tunnel between (i) the kerbside and tapping 2; and (ii) the kerbside and tapping 3 

Wind Tracer gas concentration at Tracer gas concentration at Tracer gas concentration at Dilution [A]/ Dilution [A]/ 
direction kerbside (ppm) (A] tapping 2 (ppm) [BJ tapping 3 (ppm) [CJ [BJ [CJ 

North 1069 292 275 3.66 3.88 

NN East 1643 190 160 8.67 10.26 

N East 1014 125 111 8.11 9.14 

EN East 967 90 66 10.74 14.65 

East 783 131 114 5.93 6.89 

S East 
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assumed that the maximum readings in the field were 
recorded when the traffic was downwind of the predo
minant wind direction. Hence the 98-percentile concen
trations from week 1, when the wind was from a 
northerly to easterly direction, were compared to the 
wind tunnel data for the same range of wind angles. 

Comparison of Tables 4 and 5 shows that the di
lutions found in the wind tunnel are higher than 
recorded in the field, although when the wind was 
from the north the dilution in the wind tunnel is only 
greater by a factor of two. In the wind tunnel, the di
lution from the kerbside to tapping 3 is marginally 
greater than that between the kerbside and tapping 2 
- this is in accordance with observations at full scale. 
Considering the difference in concentration with 
height, Table 3 shows a 7% decrease in concentration 
between tappings 2 and 3. This is notably smaller than 
the difference in the 98-percentile concentrations 
observed in the field of 18%, however it is comparable 
to a relationship observed during rush-hour traffic. In 
this case it was observed that the average first floor 

concentration was at times only 5% lower than that at 
the ground floor [17). 

It is clear that the dilutions between the kerb and 
building are significantly larger in the wind tunnel 
than those observed in the field. This is unexpected to 
the extent that the wind tunnel does not reproduce the 
larger scales of turbulence which one might expect to 
lead to lower dilutions in the model: However, there 
are several factors that could account for the larger di
lutions. For example, the boundary conditions at the 
side of the flow are not well simulated in the model; 
this will lead to higher dilutions in the model. How
ever, the most likely reason lies in the simulation of 
the emission, which is clearly only approximate. The 
closer one approaches the emission line, the poorer the 
simulation is likely to be. Thus there could be signifi
cant errors in the kerbside values and these could have 
a large effect on the dilution value. One way round 
this problem is to compare the field and model concen
trations directly, although it is necessary to make an 
assumption about the field emissions. This is done in 

ROOFTOP CONCENTRATIONS 
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Fig. 9. Tracer gas concentrations (ppm SF6) measured at the rooftop tappings in the wind tunnel. 0 deg= North wind; back= tapping 6; road= -
tapping 17. 
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Table 6 
Calculated prototype concentrations (Cp) obtained from wind tunnel data (C,,,) at tappings 2 and 3 

Tapping Tracer concentration C,,, (ppm SF6) Concentration coefficient K,,, (dimensionless) Prototype concentration CP (ppm CO) 

2 
3 

292 
274 

2.325 
2.182 

the following and it will be seen that much better 
agreement can be obtained. 

6.2. Assuming an emission value for the prototype 

If similarity conditions have been adequately met 
then it is possible to equate the dimensionless concen
tration coefficients Km and KP., i.e.: 

(4) 

hence 

[ CJ [ CJ Q- - Q-M,,,- MP 
(5) 

where Q denotes a measure of the volume flow rate of 
air (m3/s), C is the sampled concentration (kg/m3) and 
M is the mass flow rate of the emitted gas (kg/s). Km 
can be directly .palculated from the wind tunnel data 
and if we assume a prototype emissi.on rate and equal
ity of Km with ·KP, then CP can be determined. The 
value of CP can then be compared to actual field 
results to provide a means of validating the wind tun
nel data. 

In the model, a line of queuing vehicles was simu
lated with a constant wind direction and model con
centrations were compared to the 98-percentile 
(maximum) readings obtained in the field. It is 
assumed that these maximum values were recorded at 
periods when the traffic was at its busiest - character
ised by congestion, long and short stoppages and low 
speeds. It is therefore difficult to assign a single emis
sion rate (Mp) to the traffic in the prototype as the 
emission rate is a function of driving cycle, which is 
not constant over the queue length. A reasonable 
assumption was made that at any one time an equal 
proportion of the traffic would be accelerating, deceler
ating and idling. Thereby, using data from a similar 
study [22], an emission rate for C O  (g/min per vehicle) 
was assigned to each of these driving cycles thus: accel
erating 10, decelerating 8.34 and idling 3; this led to 
an average emission rate of 7. 1 1  g/min per vehicle. 
The Appendix shows the procedure for calculating the 
prototype concentrations of C O  in ppm from the con
centration of S F6 recorded at tappings 2 and 3 on the 
model for the north wind case. 

The calculated prototype concentrations at tappings 
2 and 3 for a northerly wind are shown in Table 6. 

7.22 
6.77 

There is good agreement between the 98-percentile 
concentration at the ground floor window of 8 ppm 
measured in the field study (Table 4) and the prototype 
concentration of 7.2 ppm determined from the window 
tunnel data at tapping 2. The calculated prototype 
concentration at the first floor window of 6.8 ppm is 
somewhat higher than the field measurement of 3. 5 
ppm, however since no wind data was available for 
Experiment 2 one cannot make the assumption that 
similar situations are being compared. 

Having validated the wind tunnel data for the north
erly wind, it is possible to have a degree of confidence 
that the relative concentrations observed in the wind 
tunnel are likely to be representative of those in the 
field under the same conditions. 

7. Conclusions 

The wind tunnel results have been shown to be simi
lar to the results obtained in the field study. The com
parison based on an assumed emission gives the better 
agreement between the field data and wind tunnel 
measurements, and this is most likely due to the in
herent difficulties in accurately simulating the emission 
source. The unsteady conditions experienced in the 
field make direct comparison difficult, but the general 
relationship between the points measured in the field is 
consistent with wind tunnel data if some assumptions 
are made. Firstly, if we compare the 98-percentiles in 
the field data with the readings in the tunnel we are 
assuming that the maximum values in the field were 
recorded at times when the traffic was slow moving 
and congested, and similar to the line of static emis
sion points in the model. Secondly, the assumption is 
also made that these maximum values occurred when 
the traffic was downwind of the predominant wind 
direction for the period. Neither of these assumptions 
is unreasonable. 

The wind tunnel data indicates that the maximum 
concentrations on the back face may be up to 50% 
lower than the maximum on the roadside face. This 
suggests that location of air intakes on this face would 
offer immediate benefits to the indoor air quality. Only 
small reductions in concentration are found between 
the ground and first floor windows under traffic con
ditions similar to the congested flow during rush 
hours. However, if air intakes were situated on the 
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rooftop, then, irrespective of the wind direction, sig
nificantly lower concentrations of contaminants would 
be found here. 

In addition to air intake location, a further re
duction in the concentration of contaminants entering 
the building space could be achieved by means of ven
tilation control. In a previous theoretical study [23], it 
was illustrated how control of ventilation rates could 
reduce the mean indoor contaminant concentration by 
up to 34%. This was achieved by adjusting the venti
lation rate through an opening in response to external 
and internal contaminant levels. Therefore, it is 
suggested that a combined strategy of vent location 
and ventilation control is most likely to yield the lar
gest gains in terms of indoor air quality and this is the 
topic of current work. 
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Appendix. Calculation of prototype concentration in 
parts per million (ppm) ,of CO from model measurement 
of SF 6 tracer gas (ppmf 

If similarity conditions are satisfied then: 
Km= KP (where subscripts m and p denote model 

and prototype). 
K is the dimensionless concentration coefficients 

defined by: 

K= 
QC 
M 

where: Q is the reference volume flow rate of air; C is 
the sampled concentration and M is the emission rate 
of gas. 

Q is defined by Q = wind velocity x cross-sectional 
flow area where cross-sectional fl.ow area= length of 
emission source x model height hence, Qm = 200 x (80 
x 10) = 1.6 x E5 cm3/s. 

At tapping 2 on the model, average concentration 
with north wind= 292 ppm. 

Hence, Cm= 1.453 µg/cm3 [ 106 ] 
from: C g/cm3 146 = C ppm 

3.44E-5 

where: 146 =molecular weight SF 6; 3 .41 E-5 =moles of 
air in 1 cm3; 1 mole air= 29 1). 

In the model the tracer gas SF6 was emitted at l 1/ 

min. Density of SF6=6 kg/m3 hence, M111=l x 105 µg/ 
s. 

The above values for Qm, C111 and M111 give 
K111=2.325. 

An average emission factor for CO from the proto
type traffic source is 7.11 g/car per min (see Section 
6.2). Therefore for 40 vehicles, Mp=4.74 g/s. 

Qp =wind velocity x length of emission source x 
building height (where dimensions are full scale) hence, 
Qp= 1.6 x 10E9 cm3/s. 

The above values for Mp and Qp give a value for CP 
of 6.88 x E -9 g/cm3. 

This is equivalent to 7.22 ppm CO (with the molecu
lar weight of C O =  28). 
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