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Abstract

The research attempt to provide a thorough 
catalogue of the role played by wind in the 
built context using CFD simulation to estimate 
the effect of pressure on building in different 
orientations and contexts. 

1 Introduction

The rapid development of computational 
fluid dynamic (CFD) technique has caused a 
rise of its applications in architecture, among 
many other fields. CFD is an interdisciplinary 
design tool that takes advantage of several 
mathematical methods to simulate the behavior 
of a fluid and its interactions with boundary 
conditions. In the architectural field the boundary 
conditions represent the built environment that 
the user intends to simulate to further his or her 
understanding of a given  problem involving fluid 
dynamics. 

Given the importance of the role played by 

wind in providing outdoor human comfort, the 
research aims to test several different scenarios 
to provide a thorough database of information 
on wind velocity and pressure.

To generalize the applicability of results to a 
wide range of scenarios, the first part of the 
research defined a Grasshopper script able to 
efficiently generate a  potentially infinite number 
of different three-dimensional scenarios with 
less user intervention. This step constituted a 
critical tool to facilitate the integration of the 
two main platforms used for the purpose of the 
research: Rhinoceros, the computer graphics 
software used to generate the test geometry, 
and Ansys Fluent, employed to simulate fluid 
flows in the virtual environment.

The second part of the research was dedicated 
to Ansys Fluent simulation adjustments and 
tuning, essential for the accurate development 
of the work-flow, and to result analysis. 
Moreover, the research lays the foundation 
for further improvements of the Grasshopper 

“Intelligence is the ability to adapt to change” Stephen Hawking
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script and process automation. In fact it would be 
advantageous the use of  Python programming 
tools to automate the collaboration of the two 
softwares and to facilitate the transition phase 
from geometry to CFD simulation.

2 Test Geometry

This first part of the study defines a Grasshopper 
script able to help the user to efficiently generate 
the several samples required by Ansys Fluent. 
The goal is to easily provide multiple parameters 
that can be tuned to modify the sample 
geometry for the purpose of the simulation, while 
maintaining unchanged the script efficiency. 
The Grasshopper definition generates and 
combine two different geometries: the context, 
or computational domain, that represents the 
boundary that will be mesh to investigate a simple 
jet flow, and the test geometry, that recreates the 
urban context of two facing buildings of variable 
dimensions.

Arrenging the parameters included in the script 
the user can easily tune the model to replicate 

GH script: domain and building geometry construction

GH script: the user can set the distance and mutual rotation of the two buildings and also set their location and orientation within the domain. 
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the intended scenario: the script allows the two 
volumes to mutually rotate and move along both 
x and y axis. At the same time, the user can set 
their location and orientation within the box. 

Moreover, the Grasshopper definition includes a 
detached branch that allows the user to split the 
mass of the selected geometry in multiple boxes, 
to simulate breaks in the virtual urban context.

The last step included in the script provides the 
user the opportunity to directly bake the boolean 
difference of domain and test geometry, facilitating 
export phase and preventing many potential 
issues incurring when directly modeling the 
geometry in Rhino (non planar/multiple surfaces, 
non closed geometries, ..).  

GH script: a branch of the script allows the user to split the mass of the test geometry in multiple boxes. 

GH script: domain and building geometry construction
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3 Ansys Fluent Simulation Settings

Part of the research work involved the 
improvement of the mesh setting to solve the 
visualization errors appearing in the final results 
(see Appendix - mesh report): result mesh was 
not matching the size and resolution of set 
mesh, which could have interfered with result 
truthfulness and readings accuracy.

Calculations have been run both with automatic 
mesh and hex dominant methods: in the first 
simulation calculation did not converge, on the 
contrary the second mesh method did converge, 
leading to different and more accurate results.

Reported below the mesh quality features (from 
Ansys Mesh Report):
Minimum Orthogonal Quality =  1.63386e-01
(Orthogonal Quality ranges from 0 to 1, where values close to 0 correspond 
to low quality.)

Maximum Ortho Skew =  7.86491e-01
(Ortho Skew ranges from 0 to 1, where values close to 1 correspond to low 
quality.)

Maximum Aspect Ratio =  2.03265e+01

 Domain Extents:
   x-coordinate: min (m) = 0.000000e+00, max (m) = 3.000000e+02
   y-coordinate: min (m) = 0.000000e+00, max (m) = 5.000000e+01
   z-coordinate: min (m) = 0.000000e+00, max (m) = 2.000000e+02

 Volume statistics:
   minimum volume (m3): 2.631634e+00
   maximum volume (m3): 4.005115e+02
     total volume (m3): 2.980800e+06

 Face area statistics:
   minimum face area (m2): 2.999843e+00
   maximum face area (m2): 1.181750e+02

First method: automatic mesh (proximity and curvature ON)

First method: results (velocity at +2m plan)
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For both simulations the setup remained constant, 
considering a inlet velocity of 7 m/s and  using a 
k-epsylon viscous model with energy model ON 
(below a screen-shot of the setup window).

Second method: hex dominant (proximity and curvature ON)

Second method: results (velocity at +2m plan)

Fluent: Model Setup Window
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4 STATE 01 - Wind Pressure and Velocity 
Analysis Based on Building Orientation

Having defined as STATE 01 the case of two parallel 
and identical three-dimensional geometries, the 
study takes into account 3 different  orientations to 
evaluate differences and behaviors in wind pressure 
and velocity: inlet located 90°E , 120° SE, and 150° 
S-SE. The object of the study is to investigate flow 
patterns and to determine flow conditions influenced 
by the context. In particular, the goal is to underline 
the regions with significant wind pressure and 
velocity differential to facilitate the designer in the 
understanding of building orientation and shape 
impact on predicted conditions.

In the following pages the results are presented as 
velocity and pressure contours, to high-line upwind, 
downwind, and stagnation zones, and as velocity 
vectors, to help the reading of wind speed and 
pattern depending on building shape.

150° S-SE

Diagram of simulated orientations (E, SE, SSE)

90° E
Test Geometry

120° SE

Orientation Exploration - (wind from E,SE, and SEE)
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State 01: wind velocity (section 
plan at +2m)

90° E

120°SE

150°SE-E
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State 01: wind pressure (section 
plan at +2m)

90° E

120°SE

150°SE-E
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State 01 - 90° E: wind velocity and pressure (section across south building)

State 01 - 120° SE: wind velocity and pressure (section across south building)

State 01 - 150° S-SE: wind velocity and pressure (section across south building)
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State 01 - 120° SE: velocity 
vectors

2m

5m

8m
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State 01 - 150° SE: velocity 
vectors

2m

5m

8m
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5 STATE 02 - Wind Pressure and Velocity 
Analysis Based on Building Mutual Angle

STATE 02 represents the case of two identical 
geometries mutually rotating, providing 2 different 

distribution type: a concave distribution with a 
narrow passage facing the inlet (ANGLE 1), and 
the opposite situations with a convex geometry 
that opens up toward the inlet (ANGLE 2).

State 02 - ANGLE 1 and 2: wind velocity and pressure (section plan at +2m)
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State 02 - ANGLE 1: wind velocity and pressure (section across south building)

State 02 - ANGLE 2: wind velocity and pressure (section across south building)
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State 02 - ANGLE 1 and 2: axonometric view with isosurface
The isosurface surface represents points of at the 
constant pressure and it shows where the given 
value of 0 Pa exists.
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2m

5m

8m

State 02 - ANGLE 1 and 2: velocity vectors
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6 STATE 03 - Wind Pressure and Velocity 
Analysis in the case of a split geometry

STATE 03 investigate the case of a split geometry 
interposed between the building and the second 
mass. By leveraging the Grasshopper script, it was 
possible to investigate different scenarios based on 
number of breaks and orientation of the geometry.

The last case, split box 3, takes into account 
the case of 5 interruptions with a south east - 
inlet, reproducing the case of a multiple building 
configuration rotated toward the inlet.

Split Box 1

Split Box 2

Split Box 3
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State 03: wind velocity (section 
plan at +2m)

SPLIT BOX 3

SPLIT BOX 2

SPLIT BOX 1
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State 03: wind pressure (section 
plan at +2m)

SPLIT BOX 3

SPLIT BOX 2

SPLIT BOX 1
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State 03 - Split Box 1: wind velocity and pressure (section across south building)

State 03 - Split Box 2: wind velocity and pressure (section across south building)

State 03 - Split Box 3: wind velocity and pressure (section across south building)
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State 03 - Split Box 1: velocity 
vectors

2m

5m

8m
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State 03 - Split Box 2: velocity 
vectors

2m

5m

8m
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State 03 - Split Box 3: velocity 
vectors

2m

5m

8m
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7 Experimental work

In order to study the environmental conditions 
of wind pressure and speed around multiple 
building configurations, the research produced 
and tested different models with several 
divergent conditions using the software Ansys 
to o predict the flow characteristics around the 
building. In fact, wind ventilation is a kind of 
passive ventilation that uses the force of the 
wind to pull air through the building.

The keys to good wind ventilation design are 
the building orientation and massing, as well as 
sizing and placing openings appropriately for the 
climate.  In order to maximize wind ventilation, it 
is desirable to optimize the pressure difference 
between the windward (inlet) and leeward 
(outlet). In almost all cases, high pressures 
occur on the windward side of a building and 
low pressures occur on the leeward side. 

Similar studies on wind pressure and velocity 
can be very helpful for different projects and 
situations, based on the kind of questions the 
designer is trying to solve: one option can be 
addressing the maximum pressure differential to 
facilitate natural ventilation and passive cooling 
or, on the other hand,  optimizing the wind 
coverage of the majority of the development 
from the prevailing wind in case of very cold 
climate where wind increases heat losses.

8 Conclusions

Despite the adequate truthfulness and accuracy 
of results, it is important to underline that this 
study does not take into account solar radiation, 

a component of the local climate that can 
significant influence wind behavior.

Describing the velocity and pressure contours 
of different various test geometry of different 
distribution and orientation it is possible to 
define a correlation between horizontal angle of 
the surface and wind pressure: in STATE 01, as 
the rotation of the building increases from 90° 
to 150°, a greater wall surface is exposed to the 
inlet producing higher wind pressure. In STATE 
01 -150° S-SE a significant pressure differential 
is generated between east and west elevations: 
as reported in the chart in the next page, the 
maximum differential is registered for th building 
located south that shows 15.31 Pa on the south 
elevation and -20.98 on the opposite elevation.

A similar value was monitored for STATE 03 - 
SPLIT BOX 1 AND 2, where the faces facing 
the inlet (the number in the chart represents 
an average of all the elevation of south 
buildings facing the same direction) registered 
respectively 20.99 Pa and 20.63 Pa, while the 
all the other faces reported negative values. It is 
also important to underline that, despite being 
screened by the south building, the pressure 
on the north building is still positive, due to the 
openings generated on the opposite geometry. 

An other notable finding is constituted by STATE 
03 - SPLIT BOX 1 where the presence of two 
major openings in the inlet-facing geometry 
generates recirculation flows with negative 
pressure and low speed (velocity vectors plan). 
A similar pattern is presented in STATE 03 
-SPLIT BOX 2, even though less evident due to 
the greater number of openings.
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STATE
building

face	  orientation N S E W TOP N S E W TOP

Ave.	  Pressure	  (Pa) -‐4.99 -‐5.89 17.91 -‐8.60 -‐5.09 -‐5.80 -‐5.18 18.46 -‐7.52 -‐5.12

STATE
building

face	  orientation N S E W TOP N S E W TOP

Ave.	  Pressure	  (Pa) -‐14.92 -‐4.66 12.56 -‐13.25 -‐12.45 -‐12.58 3.63 12.22 -‐13.53 -‐14.60

STATE
building

face	  orientation N S E W TOP N S E W TOP

Ave.	  Pressure	  (Pa) -‐21.56 -‐13.09 -‐7.23 -‐14.09 -‐18.65 -‐20.98 15.31 -‐8.44 -‐16.34 -‐25.94

STATE
building

face	  orientation N S E W TOP N S E W TOP

Ave.	  Pressure	  (Pa) -‐3.49 -‐9.39 19.16 -‐9.76 -‐7.12 -‐9.60 -‐3.38 19.64 -‐9.91 -‐25.94

STATE
building

face	  orientation N S E W TOP N S E W TOP

Ave.	  Pressure	  (Pa) -‐10.03 1.70 16.47 -‐12.07 -‐11.06 2.05 -‐9.86 13.97 -‐12.18 -‐10.73

STATE
building

face	  orientation N S E W TOP N S E W TOP

Ave.	  Pressure	  (Pa) -‐16.29 -‐15.22 -‐10.33 -‐13.11 -‐14.13 -‐25.13 -‐23.07 20.99 -‐15.33 -‐18.73

STATE
building

face	  orientation N S E W TOP N S E W TOP

Ave.	  Pressure	  (Pa) -‐18.13 -‐18.70 1.25 -‐14.85 -‐17.00 -‐13.67 -‐14.27 20.63 -‐5.73 -‐14.29

STATE
building

face	  orientation N S E W TOP N S E W TOP

Ave.	  Pressure	  (Pa) 0.42 -‐11.34 -‐3.77 -‐9.76 -‐17.18 -‐6.61 -‐14.27 10.26 -‐12.25 -‐18.74

STATE	  03	  -‐	  SPLIT	  BOX	  3
NORTH	  BUILDING SOUTH	  BUILDING

STATE	  03	  -‐	  SPLIT	  BOX	  1
NORTH	  BUILDING SOUTH	  BUILDING

STATE	  03	  -‐	  SPLIT	  BOX	  2
NORTH	  BUILDING SOUTH	  BUILDING

STATE	  02	  -‐	  ANGLE	  1
NORTH	  BUILDING SOUTH	  BUILDING

STATE	  02	  -‐	  ANGLE	  2
NORTH	  BUILDING SOUTH	  BUILDING

SOUTH	  BUILDINGNORTH	  BUILDING
STATE	  01	  -‐	  90	  E

STATE	  01	  -‐	  150	  SE
NORTH	  BUILDING SOUTH	  BUILDING

STATE	  01	  -‐	  120	  SEE
NORTH	  BUILDING SOUTH	  BUILDING

Summary  - Wall Pressure readings

Split Box 1

Angle 2

Angle 1

150°

120°

90°

Split Box 2

Split Box 3

north bldg

north bldg

north bldg

north bldg

north bldg

north bldg

north bldg

north bldg

south bldg

south bldg

south bldg

south bldg

south bldg

south bldg

south bldg

south bldg

*south bldg represents average values 

*south bldg represents average values 
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By using CFD simulation it was possible to 
predict the increased wind velocity caused 
by the arrangement of buildings in a convex 
shape: as shown in STATE 02 - ANGLE 2, wind 
speed increases significantly as approaching 
the narrow gully created by the two geometries. 
Accordingly, testing presented positive average 
pressure on the interior elevations (north 
building south face and south building north 
face), respectively 1.70 Pa and 13.97 Pa. 
This type of building distribution can facilitate 
crossing ventilation due to the constant pressure 
differential  between opposite building sides.

Overall, a good agreement was found between 
expected and experimental results validating the  
truthfulness of presented values and relevance 
of the research as helpful handbook for 
designers in the understanding of dyanmic wind 
behavior and basic concepts of fluid mechanics.
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