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1. INTRODUCTION 
 
Buildings change the local flow characteristics and 
introduce various complex flow features that have 
an impact on the transport and dispersion of 
airborne contaminants. Material released in the 
vicinity of a building may become entrapped in the 
various recirculation zones around a building 
altering the ground-level concentration. The Quick 
Urban & Industrial Complex (QUIC) dispersion 
modeling system has been developed to rapidly 
provide 3D wind and concentration fields around 
buildings in cities.  A new rooftop recirculation 
parameterization has been implemented into the 
wind model and in this paper the scheme is 
evaluated by comparison of model output and 
experimental measurements of the mean flow 
above building rooftop.  The wind-tunnel 
experiments included buildings of various width, 
length and height and an incident wind angle 
perpendicular to the front face of the building. 
 
 
2. BACKGROUND 
 
The QUIC dispersion model is comprised of the 
QUIC-URB wind model, the QUIC-PLUME 
Lagrangian random-walk model, and the QUIC-GUI 
graphical user interface. QUIC-URB is a fast 
running empirical diagnostic wind model used to 
compute the 3-D wind fields for flow around 
buildings.  It is based on the original idea of Röckle 
(1990) and the work of Kaplan and Dinar (1996). 
This approach uses empirical parameterizations to 
define recirculation regions around and between 
buildings and mass conservation to generate a 
mass consistent flow field. In QUIC-URB, an initial 
wind field is prescribed for the domain based on 
either a power-law, logarithmic, urban canopy or 
user-specified profile. For isolated buildings, 
empirical parameterizations that are a function of 
the building geometry are applied to the front, 
rooftop, and cavity recirculation zones and velocity 
deficit wake zone.  The final 3-D velocity field is 
obtained by forcing this initial velocity field to be 
mass consistent.  
 
Several of the building recirculation algorithms have 
been modified in the QUIC-URB model, including 
the upwind rotor (Bagal et al., 2004).  The original 
model of Röckle did not include a rooftop 
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recirculation zone, a characteristic feature of 
isolated buildings and buildings taller than the 
surrounding nearby buildings.  Bagal et al. (2004) 
implemented a rooftop scheme into QUIC-URB, but 
it has been found to give poor results for tall 
buildings. In this paper, a new rooftop scheme is 
proposed and is compared with Bagal’s original 
scheme and with wind-tunnel flow data.  The 
description of the experimental set up and the two 
rooftop flow parameterizations are presented in the 
subsequent sections. 
 
 
3. EXPERIMENTAL DESCRIPTION 
 
The experiments were conducted in the USEPA 
Meteorological Wind Tunnel, an open return type 
tunnel that had a test section that was 3.7m wide, 
2.1m high and 18.3m long. The wind speed in the 
wind tunnel could be varied between 0.3-8m/s 
(Snyder, 1979). The experimental setup consisted 
of one rectangular block used as a proxy for a 
building immersed in a simulated atmospheric 
boundary layer that was approximately 1.8m deep. 
The boundary layer was initiated with Irwin (1981) 
system of “spires” and maintained with roughness 
on the floor downwind.  The boundary-layer velocity 
profile was well characterized by a power-law 
profile with an exponent of 0.16 and a freestream 
value of 4 m/s. A log-law profile was found in the 
surface layer with a friction velocity u* equal to 0.05 
m/s and with a roughness length z0 equal to 1 mm.   
 
For these experiments, velocity measurements 
were obtained around smooth blocks with different 
height, width, and length dimensions.  The standard 
reference was a cubical “building” with dimensions 
of 200mm on each side.  The crosswind dimension 
W of the building was increased to 2, 4 and 10 
times that of the cube for the “wide” building 
experiments. The along-wind dimension L was 
increased to 2 and 4 times that of the cube for the 
“long” building experiments.  The height H was 
increased to 2 and 3 times that of the cube for the 
tall building experiments. 
 
A pulsed-wire anemometer (PWA) was used for 
measuring the velocity components (one at a time) 
in the longitudinal and vertical directions.  
Measurements were obtained along the centerline 
in the x-z plane.  Further details of this experiment 
can be found in Snyder and Lawson (1994). 
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4. ROOFTOP FLOW PARAMETRIZATIONS 
 
To capture the rooftop recirculation region 
associated with flow separation from the leading 
edge of an isolated building, Bagal et. al. (2004) 
developed a scheme for the initial wind field for the 
case of incident wind within +/-15 degrees of 
perpendicular to the front face.  In this scheme an 
ellipsoidal recirculation region was implemented 
above rooftop with length (Lc) and height (Hcm) 
parameters from Wilson (1979):   
 
Hcm (Height of vortex) =0.22*R 
Lc (Length of vortex) =0.9*R 
R (scaling parameter) =0.67*Bs+0.33*Bl
BBs=Smaller of upwind building height or width 
BBl=Larger of upwind building height or width, 
 
where Hcm 

is the height of the recirculation cavity. 
The ellipsoidal region was divided into two regions 
as shown in Fig. 1. A logarithmic profile was 
implemented in the total ellipsoidal region and then 
the logarithmic profile was reversed in Region 1. 
The rooftop flow field computed by the above 
scheme, hereafter called the “old” scheme, was in 
far better agreement with the experimental data as 
compared to having no rooftop scheme (Bagal et. 
al., 2004).  However, for tall buildings, the scheme 
broke down and gave unphysical results.   
 

 
Figure 1: Schematic of the “old” rooftop 
recirculation initial wind field scheme in the QUIC-
URB model. A logarithmic wind profile is 
implemented in Region 1 in the opposite direction 
to the prevailing wind, while a positive logarithmic 
profile is implemented in Region 2 (Bagal et al., 
2004). 
 
With the goal of improving the model performance a 
new scheme was developed for the rooftop initial 
wind field.  This scheme also has an ellipsoidal 
recirculation region with length and height 
parameters specified by Wilson (1979).  A profile 

with high velocities near the roof and zero velocity 
at the top of the recirculation region (inverted 
wedge shape) is implemented through the whole 
recirculation region for the initial velocity field as 
shown in Fig. 2.  The initial velocity profile is given 
by:  
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where H is the building height, Hcm is the height of 
the recirculation region, and Uo is the velocity at a 
height z’ (where, z’=H+Hcm-z) above the roof level 
obtained by an exponential profile having exponent 
equal to 0.16. This profile was selected in order to 
create an initial wind field at the leading edge of the 
building in which the winds were in exact balance, 
i.e., winds of opposite direction but equal 
magnitude.  After mass conservation, a near-zero 
value should be obtained at the leading edge grid 
cell, representative of the flow at the separation 
point.  The zero velocity at Hcm in Eq. (1) ensures 
that the recirculation region smoothly transitions to 
the ambient flow.  After mass conservation is 
imposed, a rooftop vortex is created. In the 
following section, both schemes are compared with 
experimental data. 
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Figure 2: Schematic of the new rooftop recirculation 
initial wind field scheme in the QUIC-URB model. A 
linear profile with high velocities near the roof and 
near zero velocity at the fop of the recirculation 
region is implemented through the whole 
recirculation region. 
 
 
  



5. MODEL EVALUATION 
 
The wind fields produced by both rooftop schemes 
are compared to the experimental measurements of 
flow over buildings of varying width, height and 
length.  The incident wind direction in all the cases 
was perpendicular to one of the faces of the 
building. The QUIC-URB inflow velocity profile was 
specified to be a power law with an exponent of 
0.16 to match the experimental conditions. 
Experimental measurements were made at 
approximately 300 points in the vertical center 
plane both upwind and downwind of the buildings 
for each case (Snyder and Lawson 1994).  The 
model was run at a higher resolution than the 
available experimental data with a grid cell size of 
1/20Hcube.  The simulations were performed on a 
domain of 2400 by 500 by 400 grid cells for the 
base case.  The numbers of grid cells in the lateral 
direction were increased for wide building cases.   
 
 
4.1 Cubical building: 
 
Model-computed and experimentally-measured 
wind fields in the center-plane are compared in Fig. 
3 for a cube (W=H=L).  The plot shows that the new 
parameterization reproduces the rooftop 
recirculation zone fairly well, although the data is 
sparse within the recirculation region.  The mean 
wind has an upwardly motion as it approaches the 
cube.  The region showing the upwardly motion of 
the wind is followed by the recirculation zone over 
the roof top.  The streamwise length of this 
recirculation zone is slightly lesser than the length 
of the cube.  The vector plot further shows that the 

magnitude of the velocity is high very close to the 
roof surface; this may not be true in real cases as 
flow should slow down near a surface. 
 
Profiles of normalized streamwise velocity above 
roof top obtained through both schemes are 
compared to the experimental data in Fig. 4.  Here 
for the cubical building case (W=H=L) the building 
center was at x/H=0 and the streamwise extent of 
the building was form x/H=-0.5 to x/H=0.5.  The 
new scheme has a better match with the 
experimental data for z/H locations between 1 and 
1.2.  There is a gradual shift from negative to 
positive values in streamwise velocity for the new 
scheme as compared to abrupt shifts predicted by 
the old scheme for the roof top recirculation region.  
Both schemes fail to exactly match the 
experimental data at z/H location equal to 1.2.  
Further both schemes predict very high values of 
velocity very close to the roof. 
 
Profiles of normalized vertical component of 
velocity above the building roof top obtained 
through both schemes are compared to the 
experimental data in Fig. 5.  The new rooftop 
recirculation scheme better predicts the vertical 
velocity magnitude at x/H location equal to -0.4.  
However, both schemes predict higher negative 
vertical velocity values near the roof level at x/H 
location equal to 0.4.    From the velocity vector plot 
in Fig. 3 it can be observed that the vertical velocity 
values are highly exaggerated at the downwind 
edge of the roof.  This behavior can be attributed to 
high negative values of streamwise velocity set at 
the rooftop and continuity being enforced. 
 

 
 
 
 

 
Figure 3:  Velocity vector plot with experimental data (→) and model computed with new roof top 
recirculation scheme (→) for a cubical building (W=H=L) along the center plane for incoming flow 
perpendicular to the building.  



 
Figure 4:  Comparison of normalized streamwise velocity above the rooftop for experimental measurements 
of Snyder and Lawson (1994) (●), for QUIC-URB with old rooftop recirculation scheme (-□-) and with new 
rooftop recirculation scheme (-Δ-) for a cube (W=H=L). 
 
 

 
Figure 5:  Comparison of normalized vertical component of velocity above the rooftop for experimental 
measurements of Snyder and Lawson (1994) (●), for QUIC-URB with old rooftop recirculation scheme (-□-) 
and with new rooftop recirculation scheme (-Δ-) for a cube (W=H=L). 
 
 
 
 
 
 



4.2 Wide building (W/H=2, H=L): 
 
Model-computed and experimentally-measured 
wind fields in the center-plane are compared in Fig. 
6 for a wide building (W/H=2, H=L).  The plot shows 
that the new parameterization reproduces the 
rooftop recirculation zone fairly well.  The flow 
separates from the upwind edge and reattaches 
itself to the roof, as observed for the cubical 
building case.  The length of the recirculation zone 
does not change much as compared to the base 
case.  However, the vertical velocity values are 
further exaggerated at the downwind edge of the 
roof as compared to the cubical building case.  The 
velocity values near the roof surface are high.   
 
Profiles of normalized streamwise velocity above 
roof top obtained through both schemes are 
compared to the experimental data in Fig. 7.  Here 
for the wide building (W/H=2, H=L) the building 
center was at x/H=0 and the streamwise extent of 
the building was form x/H=-0.5 to x/H=0.5.  The 
new scheme has a better match with the 
experimental data for z/H locations between 1 and 
1.2 as compared to the old scheme.  There is a 
gradual shift from negative to positive values in 
streamwise velocity for the new scheme as 
compared to abrupt shifts predicted by the old 
scheme for the roof top recirculation region.  Both 
schemes fail to match the experimental data at z/H 

location equal to 1.2.  Both schemes predict high 
values of velocity close to the roof.  The normalized 
values of the streamwise velocity as predicted by 
the old scheme reach unity at z/H location of 
around 1.1, thus under predicting the height of the 
recirculation zone as these values reach unity at 
z/H location of around 1.2.  However, the new 
rooftop recirculation scheme better predicts the 
height of the rooftop recirculation zone. 
 
Profiles of normalized vertical component of 
velocity above the building roof top obtained 
through both schemes are compared to the 
experimental data in Fig. 8 for this case.  The new 
rooftop recirculation scheme better predicts the 
vertical velocity magnitude at x/H location equal to -
0.4.  Both schemes perform equally well at other 
locations. 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 

Figure 6:  Velocity vector plot with experimental data (→) and model computed with new roof top 
recirculation scheme (→) for a wide building (W/H=2, H=L) along the center plane for incoming flow 
perpendicular to the building.  



 
Figure 7:  Comparison of normalized streamwise velocity above the rooftop for experimental measurements 
of Snyder and Lawson (1994) (●), for QUIC-URB with old rooftop recirculation scheme (-□-) and with new 
rooftop recirculation scheme (-Δ-) for a wide building (W/H=2, H=L). 
 
 

 
Figure 8: Comparison of normalized vertical component of velocity above the rooftop for experimental 
measurements of Snyder and Lawson (1994) (●), for QUIC-URB with old rooftop recirculation scheme (-□-) 
and with new rooftop recirculation scheme (-Δ-) for a wide building (W/H=2, H=L). 
 
 
 
 
 
 
 
 



4.3 Wide building (W/H=4, H=L): 
 
Model-computed and experimentally-measured 
wind fields in the center-plane are compared in Fig. 
9 for a wide building (W/H=4, H=L).  The plot shows 
that the new parameterization reproduces the 
rooftop recirculation zone fairly well.  The length of 
the recirculation zone does not change as 
compared to the base case. However there is 
increase in the height of the recirculation zone as 
compared to the previous cases.  The vertical 
velocity values are further exaggerated at the 
downwind edge of the roof as compared to the 
cubical building case.   
 
Profiles of normalized streamwise velocity above 
roof top obtained through both schemes are 
compared to the experimental data in Fig. 10.  Here 
for the wide building (W/H=4, H=L) the building 
center was at x/H=0 and the streamwise extent of 
the building was form x/H=-0.5 to x/H=0.5.  The 
new scheme has a better match with the 
experimental data for z/H locations between 1 and 
1.2 as compared to the old scheme.  There is a 
gradual shift from negative to positive values in 
streamwise velocity for the new scheme as 
compared to abrupt shifts predicted by the old 
scheme for the roof top recirculation region.  The 
old recirculation scheme fails to exactly match the 
experimental data at z/H location equal to 1.2.  Both 

schemes predict very high values of velocity close 
to the roof.  The normalized values of the 
streamwise velocity as predicted by the old scheme 
reach unity at z/H location of around 1.1, thus under 
predicting the height of the recirculation zone as 
these values reach unity at z/H location of around 
1.2.  However, the new rooftop recirculation 
scheme better predicts the height of the rooftop 
recirculation zone. 
 
Profiles of normalized vertical component of 
velocity above the building roof top obtained 
through both schemes are compared to the 
experimental data in Fig. 11 for this case.  The new 
rooftop recirculation scheme better predicts the 
vertical velocity magnitude at x/H location equal to -
0.4. 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
Figure 9:  Velocity vector plot with experimental data (→) and model computed with new roof top 
recirculation scheme (→) for a wide building (W/H=4, H=L) along the center plane for incoming flow 
perpendicular to the building. 
 

 
 
 



 
 
Figure 10: Comparison of normalized streamwise velocity above the rooftop for experimental measurements 
of Snyder and Lawson (1994) (●), for QUIC-URB with old rooftop recirculation scheme (-□-) and with new 
rooftop recirculation scheme (-Δ-) for a wide building (W/H=4, H=L). 
 
 

 
 
Figure 11:  Comparison of normalized vertical component of velocity above the rooftop for experimental 
measurements of Snyder and Lawson (1994) (●), for QUIC-URB with old rooftop recirculation scheme (-□-) 
and with new rooftop recirculation scheme (-Δ-) for a wide building (W/H=4, H=L). 
 

 
 

  



4.4 Wide building (W/H=10, H=L): 
 
Model-computed and experimentally-measured 
wind fields in the center-plane are compared in Fig. 
12 for a wide building (W/H=10, H=L).  The plot 
shows that the new parameterization reproduces 
the rooftop recirculation zone fairly well.  The length 
of the recirculation zone is equal as compared to 
previous cases.  However, the normalized height of 
the recirculation zone is greater as compared to the 
cubical building case and as observed by Snyder 
and Lawson (1994).  The vertical velocity values 
are further exaggerated at the downwind edge of 
the roof as compared to the cubical building case.  
 
Profiles of normalized streamwise velocity above 
roof top obtained through both schemes are 
compared to the experimental data in Fig. 13.  Here 
for the wide building (W/H=10, H=L) the building 
center was at x/H=0 and the streamwise extent of 
the building was form x/H=-0.5 to x/H=0.5.  The 
new scheme has a better match with the 
experimental data for z/H locations between 1 and 
1.2 as compared to the old scheme.  There is a 
gradual shift from negative to positive values in 
streamwise velocity for the new scheme as 
compared to abrupt shifts predicted by the old 
scheme for the roof top recirculation region.  The 
old recirculation scheme fails to exactly match the 
experimental data at z/H location equal to 1.2.  Both 
schemes predict high values of velocity close to the 
roof.  The normalized values of the streamwise 

velocity as predicted by the old scheme reach unity 
at z/H location just below 1.2, thus under predicting 
the height of the recirculation zone. These values 
should reach unity at z/H location of around 1.3.  
However, the new rooftop recirculation scheme 
better predicts the height of the rooftop recirculation 
zone. 
 
Profiles of normalized vertical component of 
velocity above the building roof top obtained 
through both schemes are compared to the 
experimental data in Fig. 14 for this case.  The new 
rooftop recirculation scheme better predicts the 
vertical velocity magnitude especially at x/H 
location equal to 0.4. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
Figure 12:  Velocity vector plot with experimental data (→) and model computed with new roof top 
recirculation scheme (→) for a wide building (W/H=10, H=L) along the center plane for incoming flow 
perpendicular to the building. 

 
 
 



 

 
Figure 13: Comparison of normalized streamwise velocity above the rooftop for experimental measurements 
of Snyder and Lawson (1994) (●), for QUIC-URB with old rooftop recirculation scheme (-□-) and with new 
rooftop recirculation scheme (-Δ-) for a wide building (W/H=10, H=L). 
 
 

 
 
Figure 14:  Comparison of normalized vertical component of velocity above the rooftop for experimental 
measurements of Snyder and Lawson (1994) (●), for QUIC-URB with old rooftop recirculation scheme (-□-) 
and with new rooftop recirculation scheme (-Δ-) for a wide building (W/H=10, H=L). 
 



4.5 Tall building (H/W=2, L=H): 
 
Model-computed and experimentally-measured 
wind fields in the center-plane are compared in Fig. 
15 for a tall building (H/W=2, L=H).  The plot shows 
that the new parameterization reproduces the 
rooftop recirculation zone fairly well, although the 
number of experimental data points has further 
reduced. Here, the vertical velocity values are not 
exaggerated at the downwind edge of the roof as 
predicted in the wide building cases.  The 
normalized height of the recirculation zone is 
reduced as compared to the experimental 
observations for a cubical building case.  The wind 
speeds predicted are higher at the roof surfaces for 
this case.    
  
Profiles of normalized streamwise velocity above 
roof top obtained through both schemes are 
compared to the experimental data in Fig. 16.  Here 
for the tall building (H/W=2, L=H) the building 
center was at x/H=0 and the streamwise extent of 
the building was form x/H=-0.25 to x/H=0.25.  The 
new scheme has a better match with the 
experimental data at z/H locations below 1.1 as 
compared to the old scheme.  There is a gradual 
shift from negative to positive values in streamwise 
velocity for the new scheme as compared to abrupt 
shifts predicted by the old scheme for the roof top 
recirculation region.   Both schemes predict high 
values of velocity close to the roof.  The normalized 
values of the streamwise velocity as predicted by 
the old scheme reach unity at z/H location just 
below 1.05, thus under predicting the height of the 
recirculation zone as these values should reach 
unity at z/H location of around 1.15.  The new 
rooftop recirculation scheme slightly better predicts 
the height of the rooftop recirculation zone.  Both 

schemes over predict the magnitude of the 
streamwise velocity near roof level. 
 
Profiles of normalized vertical component of 
velocity above the building roof top obtained 
through both schemes are compared to the 
experimental data in Fig. 17 for this case.  The new 
rooftop recirculation scheme better predicts the 
vertical velocity magnitude especially at x/H 
location equal to -0.3, however both schemes over 
predict the negative vertical velocity magnitudes at 
x/H location equal to 0.3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
Figure 15:  Velocity vector plot with experimental data (→) and model computed with new roof top 
recirculation scheme (→) for a tall building (H/W=2, L=H) along the center plane for incoming flow 
perpendicular to the building. 



 

 
 
Figure 16: Comparison of normalized streamwise velocity above the rooftop for experimental measurements 
of Snyder and Lawson (1994) (●), for QUIC-URB with old rooftop recirculation scheme (-□-) and with new 
rooftop recirculation scheme (-Δ-) for a tall building (H/W=2, L=H). 
 
 

 
Figure 17:  Comparison of normalized vertical component of velocity above the rooftop for experimental 
measurements of Snyder and Lawson (1994) (●), for QUIC-URB with old rooftop recirculation scheme (-□-) 
and with new rooftop recirculation scheme (-Δ-) for a tall building (H/W=2, L=H). 
 



 
4.6 Tall building (H/W=3, L=H): 
 
Model-computed and experimentally-measured 
wind fields in the center-plane are compared in Fig. 
18 for a tall building (H/W=3, L=H).  The plot shows 
that the new parameterization reproduces the 
rooftop recirculation zone.  Since the number of 
experimental data points has further reduced, it is 
difficult to conclude from this plot if the recirculation 
zone is reproduced correctly.  Here, the vertical 
velocity values are not exaggerated at the 
downwind edge of the roof as predicted in the wide 
building cases.  The normalized height of the 
recirculation zone is further reduced as compared 
to the experimental observations for cubical 
building and the previous case for a tall building.     
 
Profiles of normalized streamwise velocity above 
roof top obtained through both schemes are 
compared to the experimental data in Fig. 19.  Here 
for the tall building (H/W=3, L=H) the building 
center was at x/H=0 and the streamwise extent of 
the building was form x/H=-0.167 to x/H=0.167.  
The new scheme has a better match with the 
experimental data at z/H locations below 1.1 as 
compared to the old scheme.  There is a gradual 
shift from negative to positive values in streamwise 
velocity for the new scheme as compared to abrupt 
shifts predicted by the old scheme for the roof top 
recirculation region.   Both schemes predict very 
high values of velocity very close to the roof.  The 
normalized values of the streamwise velocity as 
predicted by the old scheme reach close to unity at 
z/H location just below 1.05, thus under predicting 
the height of the recirculation zone as these values 
should reach unity at z/H location of around 1.15.  

The new rooftop recirculation scheme better 
predicts the normalized height of the rooftop 
recirculation zone.  Both schemes over predict the 
magnitude of the streamwise velocity near roof 
level.  
 
Profiles of normalized vertical component of 
velocity above the building roof top obtained 
through both schemes are compared to the 
experimental data in Fig. 20 for this case.  The new 
rooftop recirculation scheme better predicts the 
vertical velocity magnitude except at x/H location 
equal to 0.2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
Figure 18:  Velocity vector plot with experimental data (→) and model computed with new roof top 
recirculation scheme (→) for a tall building (H/W=3, L=H) along the center plane for incoming flow 
perpendicular to the building. 



 
 
 
 

 
Figure 19: Comparison of normalized streamwise velocity above the rooftop for experimental measurements 
of Snyder and Lawson (1994) (●), for QUIC-URB with old rooftop recirculation scheme (-□-) and with new 
rooftop recirculation scheme (-Δ-) for a tall building (H/W=3, L=H). 
 

 
Figure 20:  Comparison of normalized vertical component of velocity above the rooftop for experimental 
measurements of Snyder and Lawson (1994) (●), for QUIC-URB with old rooftop recirculation scheme (-□-) 
and with new rooftop recirculation scheme (-Δ-) for a tall building (H/W=3, L=H). 



 
4.7 Long building (L/H=2, W=H): 
 
Model-computed and experimentally-measured 
wind fields in the center-plane are compared in Fig. 
21 for a tall building (L/H=2, W=H).  The plot shows 
that the new parameterization reproduces the 
rooftop recirculation zone.  Due to lack of 
experimental data points it is difficult to determine if 
the recirculation zone is reproduced correctly.  The 
length of the recirculation zone is equal the building 
height (or 1/4 times building length, similar to 
previous cases.  Here, the vertical velocity values 
are not exaggerated at the downwind edge of the 
roof as predicted in the wide building cases.   
 
Profiles of normalized streamwise velocity above 
roof top obtained through both schemes are 
compared to the experimental data in Fig. 22.  Here 
for the long building (L/H=2, W=H) the building 
center was at x/H=0 and the streamwise extent of 
the building was form x/H=-1.0 to x/H=1.0.  The 
new scheme has a better match with the 
experimental data at z/H locations below 1.3 as 
compared to the old scheme.  There is a gradual 
shift from negative to positive values in streamwise 
velocity for the new scheme as compared to abrupt 
shifts predicted by the old scheme for the roof top 
recirculation region.   Both schemes predict high 
values of velocity close to the roof.  The 

reattachment point for the recirculation zone as 
predicted by the new scheme is almost equal to the 
dimension equal to building height from the 
upstream edge of the building as observed by 
Snyder and Lawson (1994). 
 
Profiles of normalized vertical component of 
velocity above the building roof top obtained 
through both schemes are compared to the 
experimental data in Fig. 23 for this case.  The new 
rooftop recirculation scheme better predicts the 
vertical velocity magnitude except at x/H location 
equal to 0. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 

 
Figure 21:  Velocity vector plot with experimental data (→) and model computed with new roof top 
recirculation scheme (→) for a long building (L/H=2, W=H) along the center plane for incoming flow 
perpendicular to the building. 
 



 
Figure 22: Comparison of normalized streamwise velocity above the rooftop for experimental measurements 
of Snyder and Lawson (1994) (●), for QUIC-URB with old rooftop recirculation scheme (-□-) and with new 
rooftop recirculation scheme (-Δ-) for a long building (L/H=2, W=H). 
 
 
 
 

 
Figure 23:  Comparison of normalized vertical component of velocity above the rooftop for experimental 
measurements of Snyder and Lawson (1994) (●), for QUIC-URB with old rooftop recirculation scheme (-□-) 
and with new rooftop recirculation scheme (-Δ-) for a tall building (H/W=3, L=H). 
  



4.8 Long building (L/H=4, W=H): 
  
Model-computed and experimentally-measured 
wind fields in the center-plane are compared in Fig. 
24 for a tall building (L/H=4, W=H).  The plot shows 
that the new parameterization reproduces the 
rooftop recirculation zone.  Due to lack of 
experimental data points it is difficult to determine if 
the recirculation zone is reproduced correctly.  The 
length of the recirculation zone is equal the building 
height (or 1/4 times building length), similar to 
previous cases.  Here, the vertical velocity values 
are not exaggerated at the downwind edge of the 
roof as predicted in the wide building cases.   
 
Profiles of normalized streamwise velocity above 
roof top obtained through both schemes are 
compared to the experimental data in Fig. 25.  Here 
for the long building (L/H=4, W=H) the building 
center was at x/H=0 and the streamwise extent of 
the building was form x/H=-2.0 to x/H=2.0.  The 
new scheme has a better match with the 
experimental data at z/H locations below 1.3 as 
compared to the old scheme.  There is a gradual 
shift from negative to positive values in streamwise 
velocity for the new scheme as compared to slightly 
abrupt shifts predicted by the old scheme for the 
roof top recirculation region.   Both schemes predict 
very high values of velocity very close to the roof.  
The reattachment point for the recirculation zone as 
predicted by the new scheme is almost equal to the 
dimension equal to building height from the 

upstream edge of the building as observed by 
Snyder and Lawson (1994). 
 
Profiles of normalized vertical component of 
velocity above the building roof top obtained 
through both schemes are compared to the 
experimental data in Fig. 26 for this case.  Both 
schemes perform equally well in predicting the 
vertical component of velocity. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
Figure 24:  Velocity vector plot with experimental data (→) and model computed with new roof top 
recirculation scheme (→) for a tall building (L/H=4, W=H) along the center plane for incoming flow 
perpendicular to the building. 

 
 



 
Figure 25: Comparison of normalized streamwise velocity above the rooftop for experimental measurements 
of Snyder and Lawson (1994) (●), for QUIC-URB with old rooftop recirculation scheme (-□-) and with new 
rooftop recirculation scheme (-Δ-) for a long building (L/H=4, W=H). 
 

 
Figure 26: Comparison of normalized vertical component of velocity above the rooftop for experimental 
measurements of Snyder and Lawson (1994) (●), for QUIC-URB with old rooftop recirculation scheme (-□-) 
and with new rooftop recirculation scheme (-Δ-) for a long building (L/H=4, W=H). 

 
 



5. CONCLUSIONS 
 
For this paper the modeled data obtained through 
two different roof top algorithms and experimental 
data for building roof top were compared for varying 
building width, length and heights for an incident 
wind angle perpendicular to the face of the building.  
It was found that the new scheme worked better for 
varying building dimensions especially for the wide 
building cases. Henceforth, it is more practical to 
use the new scheme for predicting the rooftop 
recirculation flow features as it is more flexible to 
different building dimensions.  The new scheme 
also predicts more gradual change in the 
streamwise velocity magnitude as compared to 
abrupt changes in streamwise velocity with height 
as predicted by the old scheme.  The new scheme 
therefore also predicts the height of the rooftop 
recirculation region more accurately. 
 
Both schemes predict high values of velocity near 
the roof.  This is certainly occurring due to the 
nature of the initial wind field schemes that force 
high values of velocity near roof top surfaces in 
opposite direction of the incident flow.  Such an 
initial wind field assists in reproducing a vortex like 
flow on the building roof top upon applying of the 
mass consistency algorithm.  However, forcing 
higher values near roof surfaces in the initial wind 
field may lead to higher values of vertical velocity 
on the down wind face after applying of mass 
consistency. 
  
Further this model should be evaluated in 
comparison to data obtained from full-scale 
measurements in addition to various wind tunnel 
studies, having higher resolution of measurements.  
In addition grid resolution studies can be performed 
to test the sensitivity of the model. 
 
6. REFERENCES 
 
Bagal N. L., B. Singh, E. R. Pardyjak and M. J. 
Brown, 2004: Implementation of rooftop 
recirculation parameterization into the QUIC fast 
response urban wind 5th symposium on Urban 
environment, American Meteorological Society, 
Vancouver, BC, Canada.  
 
Irwin, H.P.A.H., 1981:  The Design of Spires for 
Wind Simulation, J. Wind Engr. Indus. Aerodyn., 7, 
361-366. 
 
Kaplan, H. and N. Dinar, 1996: A Lagrangian 
Dispersion Model for Calculating Concentration 
Distribution within a built-up domain, Atmospheric 
Environment, 30, 4197-4207. 
 
Röckle, R., 1990: Bestimmung der 
stomungsverhaltnisse im Bereich Komplexer 
Bebauugsstrukturen. Ph.D. thesis, Vom 

Fachbereich Mechanik, der Technischen 
Hochschule Darmstadt, Germany.  
 
Snyder, W.H., 1979: The EPA Meteorlogical Wind 
Tunnel: Its Design, Construction, and Operating 
Characteristics.  Prt. No. EPA-600/4-79-051, 
Environmental Protection Agency, Res. Tri. Pk., 
NC, 78 p. 
 
Snyder, W.H., and R.E. Lawson, 1994: Wind-tunnel 
measurements of flow fields in the vicinity of 
buildings. 8th Joint Conf. on Applic. of Air Poll. 
Meteor. with AWMA, Nashville, TN, Amer. Meteor. 
Soc., 23-28.  
 
Wilson, D. J., 1979: Flow pattern over flat-roofed 
buildings and application to exhaust stack design. 
ASHRAE., 85, 284-295. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


