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1. INTRODUCTION

The Quick Urban and Industrial Complex (QUIC)
atmospheric dispersion modeling system attempts to
fill an important gap between the fast, but non-
building-aware Gaussian plume model and the
building-aware but slow computational fluid dynamics
(CFD) model.  While Gaussian models have the
ability to give answers quickly to emergency
responders, they are unlikely to be able to adequately
account for the effects of the building-induced
complex flow patterns on the near-source dispersion
of contaminants. QUIC uses a diagnostic mass-
consistent empirical wind model called QUIC-URB
that is based on the methodology of R&ckle (1990).
In this approach, the recirculation zones that form
around and between buildings are inserted into the
flow using empirical parameterizations and then the
wind field is forced to be mass consistent. Although
not as accurate as CFD codes, this approach is
several orders of magnitude faster and accounts for
the bulk effects of buildings.

In this paper, we discuss improvements recently
made to the QUIC-URB wind model. These include
modifications to the downwind cavity and upwind
recirculation building flow parameterizations in QUIC-
URB based on comparisons to wind-tunnel data
which have shown that the original algorithms
performed poorly for buildings with extreme aspect
ratios. The building flow algorithms have also been
modified so that they can account for buildings that
are not aligned with one another, that is, buildings can
now be rotated relative to the orthogonal grid system.
As part of this upgrade, the way in which street
canyon zones are determined was changed as well.

In addition, several new building types have been
added to QUIC-URB including: a parking garage that
allows air to pass through and outdoor stadiums of
elliptical and rectangular shapes with open or partial
roofs. In the sections that follow, we will provide an
overview of the new building types and building
parameterizations. An evaluation of the new and old
algorithms  against ~ wind-tunnel data and
computational fluid dynamics simulations will also be
presented.
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2. MODIFICATIONS TO EXISTING ALGORITHMS
2.1 Downwind Cavity

In QUIC-URB the downwind cavity region is an
ellipsoid extending downwind of the building (Fig. 1).
The length of the ellipsoid region (L,) is a function of
the effective width (Wey), effective length (Ley), and
height (H) of the building (Hosker 1984).
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This formula was derived from wind-tunnel data
for flow perpendicular to the building face. However,
for flow that is oblique to the building face, it is not
entirely clear how to apply Eg. 1. In the original
algorithm L.t and W are defined by the maximum
along-wind and cross-wind extents of the building,
respectively (Fig. 1a). The ellipsoid extends from an
imaginary surface at the maximum downwind
distance of the building. For the case of
perpendicular winds this surface is the downwind face
of the building. For oblique winds, this surface
touches the back corner of the building and is
perpendicular to the wind direction (see Fig. 1a). In
the modified algorithm Lt and W are defined as the
maximum along-wind and cross-wind cross sections,
respectively (Fig. 1b). In addition, the length of the
ellipsoid region is measured from the downwind
face(s).

The wind tunnel data of Snyder (2005) show that
the downwind cavity region of wide buildings exhibits
complex behavior under obliqgue winds. As the wind
direction deviates from being perpendicular to the
wide front face, the flow reattaches on the downwind
side splitting the cavity in two (Fig. 2). Under these
conditions the wide building is more streamlined and
the flow patterns resemble those of a poorly-designed
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Figure 1 Schematics showing the parameters that are
used to calculate the length of the ellipsoid region that
defines the downwind cavity.


mailto:nelsonm@lanl.gov

l
?

\
\
}i
¢
'
z
x

S NN 5 =TS

o v ——— % i
4 ST ey e
: A NN 5 i o
- N NS =

\
> AN\ } N ~
=S Ny S 4
=2 W ‘ ? t:
=Ny M \
SN SRS
‘\\\\\\\\§§\ ;~'_ = >
ﬂ-‘\\\\\\\\\\ \ -
S N S N R b B
————————S—S T T T

Figure 2 Comparison of the modeled winds from the
original cavity algorithm and wind tunnel observations
for flow around a rectangular building under winds

rotated 45e from per patnzdi cul

0.1H. The red vectors are from QUIC-URB and the
black vectors are data from Snyder 2005.

airfoil with regions of flow separation. The
comparison of the original cavity algorithm with the
wind-tunnel data shown in Fig. 2 shows that instead
of producing two small recirculation zones on the
leading and trailing edges of the building the original
algorithm places two large counter-rotating vortices in
an overly large cavity zone behind the entire building.
The modeled wind field using the modified
algorithm in Fig. 3 shows that the extent of the cavity
region is significantly reduced yielding far better
agreement with the observed wind field. In essence
the original algorithm created a cavity zone as if the
entire frontal area acted to block the flow as efficiently
as a perpendicular face does. The new algorithm
takes into account the streamlining effect that the
oblique wind angles create. While the modified
algorithm significantly improves the simulation of this
flow, it does not reattach on the downwind face of the
building as is shown in the measurements. In order to
further improve the simulation of flow behind wide
buildings under oblique winds a new algorithm that
allows the cavity to be split will need to be developed.
The original algorithm for elliptical buildings is
identical to the rectangular building algorithm. This
causes two problems: first, for wind angles oblique to
the orthogonal grid, the wakes extended out laterally
as if the building were rectangular (not shown);
second, since the algorithm was developed for
rectangular buildings, the parameterization does not
take into account the inherent streamlining of elliptical
buildings and produces an L, that is too large. Since
the modified algorithm follows the downwind face of
the building the first issue is resolved. To resolve the
second issue the coefficient of 1.8 in the numerator of
Eq. 1 is reduced to 0.9 for elliptical buildings. Fig. 4 is
a comparison of near-surface streamlines around a

Figure 3 Comparison of the modeled winds from the
modified  cavit algorithm and., wind tunnel
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wide side at z ~ 0.1H. The red vectors are from
QUIC-URB and the black vectors are data from
Snyder 2005.

Figure 4 Comparison of simulations of flow around a
cylinder with H = 2D at z ~ 0.05H by the modified
algorithm in QUIC-URB (above) and QUIC-CFD
(below).

cylindrical building with the diameter (D) is 0.5H as
simulated by the modified QUIC algorithm and QUIC-
CFD. QUIC-CFD was developed for speed and uses
a simple turbulence model (Gowardhan et al. 2007).
Fig. 4 shows that the new algorithm produces a
comparable cavity region to that produced by QUIC-
CFD. The original algorithm produces a cavity region
that is twice as large (not shown).



