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The developments of the Computational Fluid Dynamics (CFD)
method as a powerful tool for prediction of wind environmental
conditions around buildings are presented in this study. CFD tech-
niques have been applied in predicting wind flow conditions:
around a single building, between two parallel buildings and
around a multiple building configuration. Also presented is a lim-
ited model validation for those simulated configurations. Finally,
the paper presents the application of CFD techniques for a case
study in simulating an existing site together with proposed build-
ings and the local landscape. Crown Copyright © 1996 Published

by Elsevier Science Ltd.
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1. Introduction

Understanding the air flow patterns around buildings is of
importance for designing durable building envelopes.
Model scale buildings and structures have been tested in
simulated flow established in boundary layer wind tunnels
(BLWT). In 1956, the first successful attempt was made by
Cermak and tests were performed on the World Trade
Center model which marks the first use of the BLWT for
building design. Physical modeling techniques were also
extended to the solution of various problems such as the
study of mountain-valley winds' and wind-wave interac-
tions®. These advancements made many important contri-
butions to the field of wind engineering.

BLWT studies have been a great source of information
for updating the building codes and standards of practice®.

The method of dimensional analysis is a common pro-
cedure in relating model-test results to the full-scale per-
formance. For the BLWT to predict the behavior of the full-
scale prototype in the natural wind, the relevant physical
properties of both the structure and of the atmospheric
boundary layer must be properly represented in the model.
Thus, to achieve complete similarity between the model and
the prototype, a number of non-dimensional parameters,
such as Reynolds and Froude numbers, have to match. In
practice it is rarely possible to satisfy all these non-dimen-
sional parameters. For example, the conditions imposed by
the individual parameters are incompatible and, in general,
no material with the physical properties demanded for the
similarity requirement is available for model construction®.
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This implies the satisfaction of only a few similarity para-
meters. The selection of the similarity parameters to be sat-
isfied in any particular study depends upon the nature of
the problem. Thus it is necessary to introduce compromise
procedures which in turn introduce uncertainties in the
interpretation of the model results, yet it still permits the
relevant data to be obtained.

Generally, BLWT may yield overestimated results
because of the extraneous suction effects introduced into
the wake due to the proximity of the tunnel walls*. The
extent of this overestimation depends primarily on the pro-
portion of the tunnel cross-section area occupied by the
model and on whether the flow over the model is attached
or separated. Therefore, it is always recommended to limit
the size of the model to less than 5% of the area of the
working section of the wind tunnel. In other cases of larger
models the use of corrections for the wake blockage is
unavoidable. High cost, restricted data potential of field
studies and long time requirements have severely limited
prototype measurements.

Advancements in computational fluid dynamics (CFD)
and numerical modeling techniques provide new
approaches to quantify building air flow. This paper pre-
sents the application of CFD for modeling wind environ-
mental conditions around a variety of building configur-
ations. Examined configurations include: wind flow around
a single building, flow between parallel buildings and air
flow around multiple building configurations. First, com-
puted flow fields are presented for the above configurations
to demonstrate the inherent advantages of CFD, such as its
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ability in providing detailed information about the flow
field while modeling the complexities induced in the flow
domain. Second, model validation is performed by post
processing the computed results and comparing them with
the available limited experimental data. In addition, the
paper also presents the computed results from a case study
for which the CFD technique is applied as a predictive tool
during the design stage. The case study simulation not only
accounts for modeling the buildings, but also, for the first
time, attempts have been made to simulate the surrounding
landscape such as the hills and trees. The simulated results
of the case study are displayed by selecting images from
an animation process that has also been developed as a part
of the present investigation.

Notation

B building width (x)
DS1, DS2 distances from the building side across the
flow—along x direction

DSD down-stream distance

DT distance from the building top

H height of the building (y)

1 width of the passage between buildings

k fluid kinetic energy

L building length ()

Ir length of the recirculation zone

U mean velocity, Vu2+v4u?

U, wind velocity used for normalization

USD up-stream distance

U, free stream velocity

u,v,w mean velocity components along x,y,z direc-
tions

xY.Z distance along the coordinate axis

2. Investigation of the computed wind flow field

This section presents and discusses the computed wind flow
tield around various simulated building configurations. Pre-
ceding that, a brief description of the applied solution meth-
odology is included.

2.1.  Applied solution methodology
Basically, the current solution methodology consists of
three main steps: pre-processing, main computation and
post-processing. A modular structure computer code,
TWIST—turbulent wind simulation technique—has been
developed to compute air flow around buildings®. The code
is in FORTRAN and it is capable of running under a variety
of platforms such as IBM-3090 (7 MFlops), HP 735
(36 MIPS) and even on micros from 286 PC or higher.
TWIST simulated various wind flow conditions and they
are reported in Baskaran and Stathopoulos®, Stathopoulos
and Baskaran’ and Baskaran and Stathopoulos®®. For the
present study, TWIST is used to evaluate the wind environ-
mental conditions around single and two building models.
For the investigation of multiple building configuration
as well as the case study, the well-known CFD solver PHO-
ENICS' is used. Besides the customizing procedures, two
major sub modules are needed to use PHOENICS for wind
flow modeling. They are:

¢ input module, known as Q1 file, consisting of compu-
tational domain sizes, details for grid arrangement, coor-
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dinates for building locations and other computational
parameters such as values for initial flow conditions, con-
vergence criteria and relaxation factors;

¢ boundary module, known as GROUND, consists of
boundary specification, selection of necessary numerical
schemes and turbulence models.

Details of these two major modifications are reported in
Baskaran'! and CHAM'2,

Both codes use the control volume method (CVM),
which has been demonstrated as a successful numerical
procedure in many areas of computational wind engineer-
ing. CVM is used to convert the non-linear partial differen-
tial equations into difference equations. Solution of the dif-
ference equations is obtained at several thousand control
volume nodes such that the satisfaction of the momentum
transferred between the control volumes is guaranteed at
steady state conditions. To fulfill the continuity of mass,
the well-known semi-implicit pressure linked equations
(SIMPLE) algorithm of Patankar'?® is used. These, in turn,
enable one to correct the velocity field and improve the
initially assumed pressure field. More information about the
partial differential equations used in the analysis is given
elsewhere’. For all post processing of the computed results,
FAST animation software'* has been used.

2.2.  Computed wind flow field

Single building model. Figure | shows the streamline
plots obtained from the simulation of a single building
using four different grid systems. These plots (two-
dimensional) show the side view pattern of the flow distri-
bution for a section that is passing through the building
center under normal flow conditions. The plots are obtained
using the converged velocity components u and w. In the
four figures, the computer model clearly predicted the flow
separations from the windward edge and recirculation
behind the building. To quantify these changes, the length
of recirculation is calculated as explained in Vasilic Mel-
ling'®. The edges of the recirculation zone are at points
where the ratio of the w-component of the velocity to free-
stream velocity takes a value close to zero, w/U, = 0. The
respective recirculation lengths have been found to be equal
to 1.5L, 2.3L, 2.2L and 2.1L for the four grid systems:
(38x20x28);, (58x26x36); (68x30x40) and
(78 x 36 x 40). The length of recirculation increases with
increase in the number of nodes and shows approximately
a constant value for the third and fourth grid set. Neverthe-
less, to support this description of the expected flow
behavior, experimental evidence of flow over buildings,
such as flow visualization techniques are necessary. The
influence of the other computational parameters such as
computational domain size and the criteria used for conver-
gence are examined and a diagnostic system is also
developed, as explained in Baskaran and Stathopoulos®.
Similar procedures are used in modeling the following con-
figurations.

Two building model. The wind flow pattern between
parallel buildings is one of the interesting and most often
practically encountered problems. The buildings form as
the two beds of a channel along which the air flow is pass-
ing. This particular wind induced effect is named the ‘chan-
neling effect’. The channeling effect phenomenon modifies
the local wind flow in the passage between the buildings
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Figure T Computed air flow around a building with different grid arrangements

and creates unpleasant and sometimes dangerous wind
environmental conditions. Various experimental investi-
gations were carried out to understand the problem and
guidelines are also formulated based on the measured wind
tunnel data.

To model such a configuration using the CFD technique,
two buildings having the same height and variable passage
width (/= 6, 8 and 10 m) are considered. Results are shown
in Figure 2 in the form of vectors and stream line plots

taken at 2 m from the ground level. The formation of a
channeling effect due to the increase of the flow field in
the passage and recirculation behind the two buildings is
clearly shown in the figure. Figure 3 displays the effect of
the passage width on the predicted wind flow conditions
around the buildings. To quantify the changes in the local
wind environmental conditions, the calculated velocities are
converted into conventional velocity ratios. These ratios are
obtained by dividing the magnitude of the computed velo-

= 20m

20m
= 40m
= 10m
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Figure 2 Velocity vectors and streamline plots of air flow between two buildings
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Figure 3 Effect of passage width between two buildings on velocity ratios

cities by the velocities in the absence of the buildings (free
stream velocities). Since the velocities are taken at the same
height for a particular location, these ratios will directly
indicate the influence of the buildings on the local wind
conditions. Values greater than unity indicate an increase
in the velocity, on the other hand, ratios less than one indi-
cate a reduction of local velocity. These ratios can be
further used to evaluate pedestrian comfort around build-
ings. The velocity ratios (amplification or reduction factors)
are shown in Figure 3 for three passage widths. The magni-
tudes of the ratios are higher along the passage and the
building corners in comparison to the other locations. For
points that are in high complex recirculating flow regions,
the values are less than unity.

Multiple building model. To expand the modeling
capabilities, further complexities have been considered in
the simulation. Figure 4 shows the three-dimensional grid
system of a multiple building arrangement for normal wind
flow conditions. By changing the height of the individual
buildings or the distances between them, one can easily
model a variety of building arrangements. This is one of the
reasons for selecting such an arrangement. Another equally
important concern is the availability of the measured wind
velocities around the buildings for this arrangement.
Wiren'® provides details of the wind tunnel experimen-
tation. By incorporating the same inlet velocity and turbu-
lence intensity profile conditions, simulations are perfor-
med for normal and oblique wind conditions.

Selection of the size of the computational domain to
model such configuration depends mainly on the expected
air flow patterns and wakes around the buildings under
investigation. Air flow, in turn, depends on building dimen-
sions and local terrain configuration. Researchers have
commonly determined the size of the domain as a multiple
of building dimensions'”. It should also be kept in mind that
the increase in the domain not only increases the number of
grid nodes, but also demands more CPU time. Therefore,
one must appropriately select the size of the domain so that
a certain level of accuracy is maintained. By selecting sev-
eral computational domains, sensitivity studies were carried
out, as described by Baskaran®. At the end of the analysis.
the dimension of the selected computational domain is
shown in Figure 4. It has the following dimensions for the
normal wind flow condition: in the z direction; up-stream
distance (USD)=480m, and down-stream distance
(DSD) = 1440 m; in the x-direction, distances to side, (DS1)
and (DS2) are equal to 960 m and in the y-direction, dis-
tance to top, (DT)= 108 m. Calculations have been made
over 55 x 23 x 49 control volumes and the nodes are denser
surrounding the building vicinity. As discussed before, a
different computation domain is selected for the oblique
flow modeling.

Figures 5 and 6 show the plan view of the computed
velocity fields around the buildings at 2 m from the ground
level for normal and oblique flow conditions, respectively.
Only those vectors in the buildings proximity are displayed
to get a closer and clearer insight of the flow conditions in
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Figure 4 Three-dimensional grid arrangement for normal wind flow in modeling the multiple building configuration
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Figure 5 Velocity vectors around multiple building configuration for normal wind flow

the vicinity of the buildings. These two-dimensional velo-
city plots are obtained from the resultant of the longitudinal
(w) and lateral (v) components using a reference velocity
of 10 ms~'. In these figures, the longer the vectors, the
higher the wind speed. Flow separation points, changes in
wind direction along the two sides of the buildings and the
wake regions are clearly shown in the figure. This kind
of vector plot is useful as preliminary information for the

designer, architect or engineer. Quick derivation by the
computer and flexibility in incorporation of changes can
stimulate enthusiasm about the computer evaluation of
wind effects on buildings as opposed to the traditional wind
tunnel modeling approach.

Comparing Figures 5 and 6, one can easily identify the
wind directionality effects on the local flow developments.
Some of them are grouped below:
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Figure 6 Velocity vectors around multiple building configuration for oblique wind flow

e symmetrical condition exists along the flow direction
only for the normal flow;

¢ the lengths of the vectors are long, or wind speeds are
high along the direction of the flow and thus the chan-
neling effect is clearly predicted by the model for the
normal wind condition;

¢ in comparison to the normal flow, velocities are high
between the buildings (along the x-direction) for the
oblique wind;

¢ for normal wind, reverse flow is formed between the
buildings; and

e recirculation formed at the downstream side in the nor-
mal flow case (Figure 5) did not occur for the oblique
wind case.

3. Model validation

Model validation forms an integral part of model develop-
ment. A validated model can be used as a predictive tool
during the design process to perform parametric studies.
For the present study, model validation is achieved through
systematic comparisons of the simulated results with the
experimental data which are obtained from wind tunnel
measurements. This in turn will enable us:

¢ to compare model predictions for different building con-
figurations;

¢ to evaluate the model sensitivities for different boundary
conditions (note that in modeling these different con-
figurations, the wind tunnel inlet profile conditions are
used as the boundary condition for the model); and

¢ to account for the different wind tunnel measurement
techniques.

Wind tunnel studies have been carried out by Couhin'8,
Ishizaki and Sung'®, Melbourne and Joubert®®, Pen-
warden®', Wiren??, Isyumov and Davenport**, Gandemer,
Murakami er al.>>?*® and Stathopoulos and Stroms?’ to
evaluate the pedestrian wind environmental conditions.
Most of these measured data are for single building con-
figuration and they have been compared with the simulated
results by TWIST>"#. For other buildings configurations,
however, only limited data is available in the literature.
Review of the literature to acquire reliable measured velo-
city data for the different simulated configuration, reveals
the need for a systematic experimental study to collect velo-
city data around the building for the purpose of bench
marking the model. Similar need was also recognized by
Summers et al.>® who measured the details of the flow field
around a cube and compared with their simulated data.

Four wind tunnel studies are selected for model vali-
dation. They used different reference velocities to nor-
malize the measured velocities around the buildings. For
consistency in the comparison of wind tunnel data and com-
puted results, first, the mean velocity (U) is obtained using
the three computed velocity components (U =V u>+v>+w?).
Second, the same reference velocity of the wind tunnel
studies is considered for normalizing. This can either be
velocity at a gradient height (U,, velocity at 2 m level (U>).
velocity at 10 m level (U,) or velocity at any altitude and
it is denoted in the comparison figures by U,,. The important
features of the model validations are presented below.

Two building model

Stathopoulos®” measured wind velocity and turbulence con-
dition in a passage between two rectangular buildings.
Experimental data for open country exposure with power
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Figure 7 Model validation in predicting the channeling effect
hetween two buildings

law exponent coefficient («) as 0.15 and normal wind flow
condition are used for the comparison. Simulation uses a
mean speed profile having an exponent of 0.15 and a
maximum turbulence intensity of 20% near the ground. The
buildings are separated by a 6 m passage between them.
Figure 7 shows a typical comparison of the model predic-
tions with the experimental data. The results agree fairly
well for locations along the passage center line. A corre-
lation coefficient of 0.98 has been calculated showing about
2% deviation between the experimental data and com-
puted values.

Having the two building model, one can conveniently
change the geometry of the buildings and the passage width
between them. Typical comparisons of such simulations are
shown in Figure 8. Computed ratios are shown in points
along with the wind tunnel traces. Simulations are perfor-
med with the same experimental conditions as Wiren?',
Increase in the passage width increases the velocity ratios.
Due to flow contraction, the velocity ratios are maximum
at the entrance of both passage widths. It is evident that
the model is sensitive to the geometrical changes of the
building as well as the variations of the passage width.
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Figure 8 Model validation in predicting the channeling effect
between two buildings for different passage width
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Ishizaki and Sung'® measured the development of the
vertical flow between two buildings at three different elev-
ations, the bottom (hl), the middle (A2) and top (h3).
Figure 9 presents the model validation in predicting the
vertical flow variation. In this figure, the x-axis presents the
normalized values of the passage width (/) with respect to
the length of the building (L), whereas the y-axis presents
the velocity ratios. The ratios are maximum near the ground
so is the difference between the computed velocities and
measured data. Nevertheless, for locations further away
from the ground, the agreements are better between the
measured data and computed results.

Multiple building model

Model validation is also performed for a multiple buildings
configuration and presented in Figure 10 for normal wind
flow conditions. Four typical locations (y/B=-0.30, 1.9,
4.2, 5.8) are considered. For an example y/B =—0.30 rep-
resents the upstream separated flow characteristics, whereas
y/B=135.8 presented the downstream wake flow character-
istics. The other two locations represent the cross flow
characteristics. In Figure 10, for all locations, two peaks
occurred along the passage. Also, the model clearly pro-
duced the expected symmetrical conditions on either side of
x/L=1.6. The velocity ratios are decreasing moving from
upstream to down stream, namely, from y/B=-0.3 to
y/B=5.8. The predictions are compared to experimental
data produced by Wiren'®. Wiren'® performed extensive
wind tunnel measurements and grouped the measured velo-
city ratios in the form of contour plots for various wind
directions. Due to the symmetrical condition, the measure-
ments were performed for only half of the arrangement.
From the contour plots, local velocity ratios are extracted
and presented in Figure 10. In general, compared to the
measured data, the computed ratios are higher along the
passage and smaller for other locations. Average deviation
between computed and measured data is about 5%.

Figure 11 examines the model predictions, in a similar
format as Figure 10, for oblique wind flow conditions. As
shown, significantly different velocity ratios are computed
for oblique wind flow conditions. The symmetrical con-
ditions are diminished due to changes in the incoming flow
direction. At the upstream (y/B =-0.3), the flow is domi-
nant along the x direction having two peaks along the pass-
age. For other locations, through flow along the x direction
is observed. This can be easily seen from the decrease of
velocity ratios as x/L increases. Moreover, the available
measured data from Wiren!®> show good agreement with the
computed ratios.

4. Application of the model for a design case
study

The following are the results from an application of the
developed model for the investigating of wind environmen-
tal conditions of the actual site. The model has been used
as a predictive tool in arranging the different building
locations during the design stage of the following site.

4.1. Modeled configuration for the case study

Figure 12 shows an aerial view of the investigated site and
the surroundings. There are three proposed buildings
BLDG1, BLDG2 and BLDG3. The local landscape is com-
posed of a sloping hill on the south side of the investigated
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buildings as well as the trees around the buildings. Keeping
the building BLDG1 location constant along with the local
landscape, buildings BLDG2 and BLDG3 are placed at sev-
eral locations to investigate their effect on BLDG1. The
investigated building BLDG1 is about 112 m long, 24 m
width and three stories high and therefore the building

aspect ratios are unusual, 5 and 10, respectively, for
length/width and length/height. There is a ‘step cutting’ at
the third floor that adds to the complexity of the building
shape. Due to this unusual aspect ratio and complex build-
ing shape, evaluation of the local wind environmental con-

dition is warranted.
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In Figure 13, the dotted line represents the ‘proximity
region’. The term ‘proximity region’ defines an area sur-
rounding the BLDG]1 building and significantly affects the
behavior of air flow around the building. The boundaries
of this region are determined such that buildings or natural
obstacles outside this area will not significantly affect the
nature of air flow around BLDGI1. Thus the proximity
region is dependent on the local terrain rather than the
direction of the wind. As shown in Figure 13, for the NE
wind direction, the computational domain has the following
dimensions: USD = 300 m; DSD =900 m; DT =50 m; DS1
and DS2 are equal to 290 m. For the case where the wind
blows from the west direction, these distances are, respect-
ively: USD=340m; DSD=688m; DT=50m; DS1=
490 m and DS2 =750 m.

For computer modeling purposes, the geometry of the
buildings, inside the proximity region, is transformed from
the actual site by defining their boundaries using a set of
points with known coordinates. For modeling the local ter-
rain, a tree has been simulated using 50% porous wall. The
50% porosity reveals the actual density between the trees
due to the natural arrangement of trees. On the other hand,
the hill has been modeled using two-step prisms on top of
each other in elevation as shown in Figure 13. The two-
step prisms are inclined on the plan view to match the
actual landscape.

Model! validation in predicting the flow around multiple building configurations {(oblique wind)

4.2, Animated turbulent air flow fields

The model under development is three-dimensional and the
fluid properties are computed and stored at various special
locations. One effective approach to investigate the special
variation of fluid property is through flow visualization.
Through computer visualization, various aspects of the
numerical solution, which would otherwise be difficult to
identify experimentally, may easily be observed. Engineers
and researchers are thereby able to gain a much better
insight into the behavior of the corresponding numerical
solution. Data visualization can be achieved in many ways,
ranging from simple two-dimensional color-shaded graphs
to complex three-dimensional animation. A very powerful
system can perform real-time animation by developing suc-
cessive frames from raw data and displaying them. In a less
powerful system the raw data is first generated and stored
in plot files and animation is performed by rapidly dis-
playing the pre-developed frames in a pre-defined sequence
and with a pre-defined time interval. The latter method is
under development for the numerical evaluation of wind
flow conditions around buildings.

This section discusses the results obtained from the
investigation of the all three discussed configurations. The
principal velocity component, w, and kinetic energy k are
extracted from the simulated results to evaluate the changes
in the environmental conditions of the local wind. The &
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values are further converted into percentages of turbulence
intensity by dividing the square root of & by the free stream
velocities, U, i.e. K/ U, x 100.

Using FAST!4, animations are performed to visualize and
investigate the air flow conditions around the buildings.
Animated images are recorded out to VHS video cassettes.
For the presentation of the results in report form, images
are selected from the animation and saved into TARGA file
format. TARGA, abbreviated as TGA, is a particular file
format for storing color graphic images. These files are
further edited and printed in the form of color contour plots.
Such plots are presented at two levels, namely 2 and 7.7 m
above ground. The height of 2 m above ground represents
a standard measurement commonly followed by the wind
engineering researchers. The height of 7.7 m is the begin-
ning of the third level ‘step cutting’ on BLDGI, rep-
resenting a potential area for snow accumulation. These
plots have four major colors: blue, green, yellow and red.
The color spectrum from blue to red represents the increase
in both the velocity components, w, and the turbulence
intensity, 1. This will facilitate the visualization of air flow
conditions around the buildings. Analysis of this nature
illustrates some of the inherent advantages in CFD mode-
ling.

Figure 14 presents the w-component values around
BLDGI! for the NE wind direction. Separation from the
windward edge and recirculations and involved eddies
behind BLDG1 are observed. Separation is represented by
a yellow color in which there is change in the flow direction
with respect to the incoming flow. The edges of the recircu-
lation zone are at points where the ratio of the w-component
of the velocity to free-stream velocity takes a value close
to zero', w/U, = 0. In the figure, this may be identified
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where the color changes from blue to green. For the present
investigation, the length of the recirculation region is
approximately 1.5 times the building height. Due to the
unusual building length, a large disturbance region on the
leeward side has also been observed during the analysis.
This disturbance decreases with the increase in height. For
example, comparing the images obtained for the 2 m height
with those for 7.7 m, the flow disturbances are less signifi-
cant at a height of 7.7 m than at a height of 2 m. This is not
surprising because the only interaction affecting the flow at
a height of 7.7 m is due to the building, whereas the flow
field at the 2 m level will interact with both the ground and
the building surfaces. Moreover, the dining hall, which is
only 5.5 m high, does not significantly affect the flow.

Wind directionality effects are investigated and presented
in Figures 15 and 16, respectively, for SW and W wind
directions. Comparing Figure 14 with Figure 15, the wind
direction has been changed by 180°. Although the overall
wind environmental conditions are not symmetrically repli-
cated in Figure 15, much of the explanation presented for
Figure 14 applies equally to Figure 15. In Figure 16 for
the westerly wind condition, BLDG! is shielded by other
buildings in the upstream direction and by the hill and trees
in the downstream direction. This reduces the length of the
recirculation region for BLDGI1. Thus, the recirculation
zone is more pronounced for the normal flow as opposed
to the oblique flow. This has been found to be true at both
2 and 7.7 m heights above ground. The ‘channeling wind
effect’ occurred between the building and hills at 7.7 m
between the buildings BLDG1 and BLDG? is also dis-
turbed for the west wind direction.

Figure 17 shows the turbulence intensity images at 2 m
height for all three configurations. In addition, the animated
image for the configuration of the single building is also
included for comparison purposes. Generally, the turbu-
lence intensity increases with an increase of the obstruction
in the flow domain. This has been found to be true for
the present investigation. The overall turbulence intensity
values are amplified when the surrounding buildings are
included in the computer simulation. It is evident from
Figure 17 that maximum turbulence intensity increased
from 15 to 25% when other buildings and landscapes were
considered in the model. On the other hand, the extension
of the turbulence intensity region around BLDGI is
decreased. This is due to the shielding effect caused by
other buildings near BLDGI.

5. Conclusions

A considerable effort has been invested in applying and
validating CFD techniques for air flow around: single, dou-
ble and multiple building configurations. From the preced-
ing discussions, the following conclusions can be made:

(1) CFD is emerging as a powerful tool for the investi-
gation of building air flow applications;

(2) CFD techniques can provide very detailed predictions
of air velocities around buildings;

(3) model validation, forming an integral part of model
development, indicated that the CFD techniques can
qualitatively predict the flow around various building
configurations;

(4) extensive literature review revealed that the availability
of reliable experimental data is limited for model bench
marking purposes;
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Figure 12 Aerial view of the site for the case study

Altitude 7.7 m

SOUTH WEST wind speed 23 nvs Legend

Figure 14 Animated contour images of w component velocity—NE wind
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Altitude 7.7 m

WEST wind speed 5 m/s Legend

Figure 15 Animated contour images of w component velocity—west wind

Altitude 7.7 m

NORTH EAST wind speed 23 nvs

Figure 16 Animated contour images of w component velocity—SW wind
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b

North Eastvwind
speed 10 m/s

North East wind . o West wind
speed 23 m/s ,‘ . speed § nvs

Figure 17 Animated contour images of turbulence intensity for various wind directions
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(5) applying the CFD techniques for the case study and
visualizing the wind flow field around buildings pro-
vided various design opportunities for the owners and
developers;

(6) it must be emphasized that it is vital that proper engin-
eering judgment be exercized in applying and inter-
preting the output obtained from the CFD models.
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