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The reintroduction of toxic gases emitted from roof stacks can significantly affect the 
quality of the air inside a building. The determination of a safe distance between the 
sources of pollution and the fresh air intakes is based on a complex exercise that must 
take into account several wind, physical and topographical factors. Estimates of maxi
mum concentrations as a function of downwind distance from a stack can be obtained 
using empirical models provided by the American Society of Heating, Refrigerating and 
Air Conditioning Engineers [ASHRAE, 1997](1). However, this modeling approach has 
not been completely validated using field data. ASHRAE's formulas have mainly been 
evaluated by comparing their resulting dilution estimates to the wind tunnel data origi
nating from some case studies, and the results of these comparisons have proven contra
dictory (2,3). Most previous field studies(4,5) were conducted using a limited number of 
samplers placed near the fresh air intakes. Consequently, the data obtained cannot be 
used for model validation since samplers were usually not on the plume center-line. In a 
comparative study conducted by Stathopoulos, Lazure and Saathoff(6), tracer gas ex
periments were conducted using a building in an urban environment. Air samples were 
collected at several locations on the roof of this building, and the emission concentration 
data were correlated with the meteorological data collected on the roof. 

Dilution Models 

A number of semi-empirical models exist for the evaluation of minimum dilution 
(Dmin = Ce/Cmax) of emissions originating from roof stacks, where Ce represents the con
centration of the emissions, and Cmax the maximum concentration at a specific sampling 
point for a given wind velocity. Two models included in the ASHRAE Fundamentals 
Handbook (1997) are the Halistsky model(9) and the Wilson-Chui-Lamb 
model(l0,11,12) herein referred to as H and WCL respectively. These models are sum
marized in the Appendix. 

Experimental Procedures 

The test building is a 3-storey structure located in downtown Montreal that contains 
engineering laboratories and classrooms of Concordia University. Within 100 m of the 
building are several high-rise buildings that may have an effect on wind flow around the 
building. Preliminary tests carried out using a smoke source have demonstrated that the 
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emissions from a laboratory stack could be directed towards the fresh air intake. Three 
tracer gas tests were carried out in autumn with winds from the west and northwest. The 
tracer gas, pure sulfur hexafluoride (SF6), was injected into a laboratory hood and emit
ted from a 3 m stack on the roof. Air samples were collected using 15 samplers spread 
out over the roof. Wind data were obtained with a sonic anemometer on the roof. Loca
tions of the stack, anemometer and samplers are shown in Figure 1. The samplers con
tained an automated sampling module designed and manufactured by the IRSST to se
quentially sample up to 10 samples of air at a given interval of 15 minutes per bag. 
Tracer gas concentrations were determined using gas chromatography. 
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Figure 1. View of building showing relative heights of the stack and rooftop structures and 
location of samplers for all tests. 

Results and Discussion 

The wind speed, Uh, during the three tests varied from 2.0 to 4.5 m.s-
1
• The average lon

gitudinal turbulence intensity (Cl>ufUh) at a height of 3 m above the exhaust level was 
0.68. This is quite high, possibly due to the proximity of the neighboring buildings. The 
standard deviation related to wind direction ( Cl>2), which is required for the WCL model, 
was estimated to be 30° based on the large value of Cl>u!U. Figures 2 to 4 compare actual 
dilution values to the minimum dilution curves estimated from the H and the WCL 
models. The dilution levels for each of the samplers are plotted as a function of their 
distance from the emission source. It is important to remember that the WCL model was 
developed for roof-level stacks. Although the height of the stack is 3 m, its effective 
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Figure 2. CBS Field Test No. 1 
Dilution data compared with ASHRAE 
minimum dilution estimates 

than the values estimated by model H. On 
the other hand, Dmin estimates obtained 
with the WCL model were generally 
within a factor of two of the data. Tiris 
underestimation of Dmin by the WCL 
model is in large part due to the significant 
plume rise as shown by the value of the 
exhaust momentum ratio (M = Ws /Uh) of 
4.1, where w5• is the exhaust velocity. In 
this test, it can be assumed that the plume 
center-line was usually above most of the 
samplers. The dilution data obtained in 
test 2 (Mavg= 1.8) are presented in Figure 
3, as well as the dilution curves for models 
H and WCL. Model H underestimated 
Dmin by a factor of at least 3. Model WCL 
underestimated Dmin by a factor of at least 
2 at most of the sampling points, except 
for a penthouse sampler near the stack (S 
= 4.7 m). At this location, the WCL Dmin 

height is reduced due to the 
presence of rooftop structures 
(see Figure 1). Smoke tests 
revealed that plume makes in
termittent contact with the roof 
very close to the stack. This 
plume downwash may be due 
to the influence of the rooftop 
structures . 

In general, model H, provided 
very conservative estimates of 
Dmin· Model WCL provided 
more accurate predictions of 
Dmin but was unconservative in 
some cases. As observed in 
Figure 2, minimum dilution 
values measured during the first 
test at all locations were ap
proximately 5 times greater 
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Figure 3. CBS Field Test No.2 dilution data 
Compared withASHRAE minimum dilution 
estimates 

exceeded the measured value by a factor of 1.5. However, it is important to note that the 
conservative forecasts produced by the WCL at most locations are due to the lack of 
direct contact with the plume. Note also that the wind was usually not from the critical 
azimuth for most samplers. 

The dilution data and the curves for test 3 (Mavg= 2.7) are presented in Figure 4. As in 
test 2, model H underestimates the actual dilution at all locations by a factor of at least 
3. Model WCL also underestimates Dmin at most locations. 
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However, the WCL modf:.\1 overestimates 
Dmin by a factor of 2 at S = )_ 1 m. The over
estimation of Dmin near the stack by the 
WCL model in tests 2 and 3 is likely due to 

the overestimation of initial dilution, D0 -
see Appendix. The assigning of too large a 
value to the distance dilution parameter, B1, 
could also explain the observed overestima
tion. However, considering the fact that the 
smallest dilution measured at S = 11 m is 
approximately 35 (a value practically equal 
to D0), B1 would have to be significantly 
reduced to fit the WCL curve to the data. 
Such a significant reduction in B1 is rather 
unlikely, due to the fact that the turbulence 
in the upwind flow is higher than 50 %. 
Therefore, it is more likely that the initial 
dilution formula used by model WCL over
estimates Do. 

Conclusion 
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Figure 4. CBS Field Test No. 3 
Dilution data compared with ASHRAE 
minimum dilution estimates 

The results of the study show that the Halitsky (H) model gives a conservative estimate 
of the actual dilution, while the Wilson-Chui-Lamb (WCL) model generally give rea
sonable lower limits for the minimum dilution, even though the model overestimates 
certain data near the stack. The field experiments show that low dilution can occur even 
for high velocity stacks. 
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Appendix 

Halitsky model (H) Dmin = [ V + 0.11 (1+0.2V) S/As 0·5]2 

Where: Dmin 
v 
M 
s 
As 

= minimum dilution 
= 2 (variable related to momemtum ratio, M) 
=exhaust velo.city (ws) I average wind velocity (Uh) 
= distance ftom emission source 
= exhaust area 

Wilson/Chui/Lamb model (WCL)Dmin = (D0°·5 + Dd 0
·5)2 

Where: D0 (initial dilution at emission point) = 1 + 133M 
Dd (dilution as function of distance) = B1S2 /MA5 
3 =stack capping factor (1 for uncapped stack) 
B1 =0.027 + 0.0021<1>2 
<1>2= standard deviation of fluctuations in the wind direction 
S= distance from emission source 
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