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Abstract 

 

The dispersion of exhaust from a rooftop stack on a low-rise building in an urban 

environment has been investigated using field and wind tunnel experiments.  The  major 

goals of the study were:  

1) to evaluate the influence of various parameters on plume concentration 

at typical locations of fresh air intakes.  These parameters include stack 

height, exhaust momentum, upwind turbulence etc. 

2) to evaluate dilution models that have recently been adopted by the 

American Society of Heating, Refrigerating and Air Conditioning 

Engineers (ASHRAE), 

3) to assess the accuracy of wind tunnel modeling; and  

4) to provide guidelines for reducing the risk of reingestion of stack 

emissions.     

 

Tracer gas experiments were carried out on the roof of a 3-storey building in downtown 

Montreal.  Sulfur hexafluoride (SF6) was emitted from either a 1 m or 3 m tall stack and 

the tests were performed for low exhaust speed  (we ~ 7.5 m s –1) and high exhaust speed  

(we ~ 17.5 m s –1).  

 

Air samples were obtained at up to fifteen locations on the roof or wall of the emitting 

building.  In some cases, samples were also obtained on the leeward wall of an adjacent 

12-storey building when this building was located upwind of the emitting building.  Five-

minute samples were obtained at each location using a sampling system designed and 

built by IRSST.  Ten samples were collected during each test and thus, the duration of 

each test was 50-minutes. 
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Wind tunnel simulations of the field tests were conducted in the boundary layer wind 

tunnel  of Concordia University.   The experiments were performed at a model scale of 

1:200.  

     
The following provides a summary of various design guidelines formulated on the basis 

of results obtained in the study: 

Stack location: For open fetch situations, it is better to place the stack near the center of 

the roof.  In this way, the leading edge recirculation zone is avoided, thus, maximizing 

plume rise.  In addition, the required plume height to avoid contact with leeward wall 

receptors is minimized.  

 

For the case of a taller building upwind of the emitting building, the center of the roof 

may not be the optimum stack location for receptors on the emitting building.  

Concentrations over most of the roof can be reduced by placing the stack near the leading 

edge.  However, this stack location will result in higher concentrations on the leeward 

wall of the adjacent building. 

 

Stack height: Increasing the stack height from 1 m to 3 m reduces concentrations near 

the stack by approximately a factor of two.  Far from the stack (x > 20 m), the effect is 

negligible.  A stack height of at least 5 m is required to provide significant reduction of k 

at such distances. 

 

Stack exhaust speed: Increasing stack exhaust speed by a factor of 2.5 reduces 

concentrations near the stack by the same factor.  For distant receptors (x>20 m), the 
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effect of exhaust speed depends on the M-value (the ratio of exhaust speed to wind 

speed).  In the low M range (1.5<M<4.5), which is typical of wind speeds exceeding 5 

m/s, increasing exhaust speed may not be beneficial for distant receptors because the 

plume rise may not be sufficient to avoid them.  On the other hand, for light wind 

conditions, doubling the exhaust speed may cause M to be high enough so that  

concentrations are reduced over the entire roof. 

 

ASHRAE (2003) vs ASHRAE (1999) model:  The ASHRAE (1999) Dmin model is less 

conservative than the ASHRAE (2003) Dr model and significantly better for distant 

samplers (S>30m). 

 

For the typical design situation of low M cases (2.5<M<3.5), the ASHRAE (2003) Dr 

model appears to be overly conservative, especially for distant samplers – it 

underestimates dilution by a factor of 10 for receptors located more than 30 m from the 

stack.  For high M cases (M~10), i.e. low wind speed, the Dr model is unconservative for 

samplers near the stack. 

 

Placement of fresh air intakes: The case of an emitting low building in the wake of a 

taller building was particularly investigated. For wind coming from the direction of the 

taller building: 

- intakes should not be placed on leeward wall of upwind building. 

- intakes on emitting building should be placed on its leeward wall if possible. 
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In addition to the design guidelines above, the following conclusions stem from this 

study. 

 

• Wind tunnel predictions of concentration were often within 10-20% and 

generally within a factor of 2 of the field values.  

 

• Some discrepancies between wind tunnel and field data occurred for the 

emitting building in the wake of a taller building.  This may have been due to  

low turbulence intensity and/or the absence of large-scale turbulence in the 

wind tunnel for some configurations.   

 

- concentrations on leeward wall of tall building were consistently 

too large in wind tunnel, by approximately a factor of 3 on 

average; 

- wind tunnel concentrations measured near the stack on emitting 

building were too small, especially for low M cases; 

- wind tunnel and field concentrations on emitting building roof 

were similar for samplers far from the stack. 

 

• For the open fetch configurations tested, the Dmin model [ASHRAE (1999)] 

more accurately predicted minimum dilutions on the roof, compared to the Dr 

model [ASHRAE (2003)].  This demonstrates the usefulness of the two-
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component dilution model in which initial dilution and distance dilution are 

taken into account. 

 

The results are encouraging because they demonstrate the general adequacy of the wind 

tunnel data to represent real design situations and the limitations of the ASHRAE models 

to predict real dilutions for particular building configurations and stack locations. The 

design guidelines provided in this report will be very helpful to the typical ventilation 

design engineer to tackle a multi-faceted complicated problem, for which codes and 

standards are either mute or extremely general to apply to particular real conditions. 
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