
Airflow Simulation and Analysis of a Campus Courtyard
Research for the design of U.C. Davis International Complex, Phase I

C.T. Griffin, J. Moore
Department of Architecture, Portland State University, Portland, Oregon, United States

J. Schleuning, E. Wilson, T. Mudge, R. Bompiani
SRG Partnership, Portland, Oregon, United States

Natural Ventilation has the attractive qualities that it is free and unlimited. The 
task is how to utilize it in such a way that it properly transports its capacity 
in making a well-conditioned environment. Preliminary design of a campus is 
tested and studied, in an attempt to find out if the geometry of the building 
provides suitable amount of air through its courtyard. The courtyard is the most 
important space requirement of the project. The main focus of the preliminary 
design analysis is to create a comfortable condition within the courtyard, since 
it will open up onto the different wind flow patterns. The motivation for this 
experiment came from the idea of applying computer modeling techniques to 
passive cooling design and to increasingly understand the varying characteris-
tics of wind. The approach for this research is fairly empirical. The method uses 
Computational Fluid Dynamics (CFD) as a tool that makes the investigation fast-
er and easy to perform the calculations required to simulate the wind behavior. 

Indication of the research process is important in providing understand-
ing of the work procedures and may well increase awareness to the par-
ticipants. A workflow diagram is better way of communicating the 
logic of a method to all concerned. With the help of this workflow di-
agram, problems possibly will be investigated in more effective way. 
It acts as a guide during analysis and through the development phase.

It is important to note that this research covers one phase of many 
more analysis towards the main end goal of making the most out 
of natural ventilation. As previously specified, the CFD simula-
tions concentrated merely on wind patterns. The use of CFD as a 
tool to quickly test, re-design and retest has allowed an early de-
cision-making and significant modifications and revisions, than 
of making a physical small-scale model each time to test and ana-
lyze. The simulations immediately highlight problems that occur 
from the interaction of the wind and the building geometry. Ear-
ly on in the CFD wind analysis, it was clear that some areas in the 
courtyard space are not reaching the comfortable thermal lev-
el. Also, it was showed that the building geometry plays a great 
impact on the movement and acceleration of the wind velocity.

“The simulations immediately high-
light the problems that occur from the 
interaction of the wind and the build-
ing geometry.”

As the simulations give immediate results, the design alter-
ation process has been easily applied to make the best build-
ing form that could manipulate the performance of the wind. 
And since this process could give encouraging data faster, 
it could easily be instigated in architectural design practic-
es that aim for sustainability and reduction of a building’s en-
ergy demand. In this investigation, it has been clear that the 
application of CFD modeling in the early design stage allows 
concepts and forms to be speedily evaluated and optimized.

The desired wind speed specified in the wind acceleration key that 
is displayed in each analysis image, is within the range of 0.3m/s 
to 10.8 m/s stated by the Modern Beaufort Wind Scale. This scale 
created by Sir Francis Beaufort, is a numerical relationship to 
wind speed based on an observation of the effects of the wind. 
It is, until now is being used to estimate wind speed conditions. 

According to the airflow simulations, the test results 
pointed out that on model A (with less openings) 
during the summer months, with wind approach-
ing from South of Southwest at initial velocity of 
18.8 m/s, bigger portions of the courtyard is not re-
ceiving any wind at all compared to model B (with 
more openings) which only shows a smaller area of 
stagnant air. One of the chief benefits of CFD wind 
analysis is that it immediately indicates where the 
problem areas occur in the preliminary designs.

In the winter wind analysis, it appears that the 
L-shaped form and height of the building is act-
ing effectively on the existing wind that is most-
ly coming from the Northwest at a speed of 
11.3 m/s. Whether the building has lesser or 
more openings, the overall geometry success-
fully blocks most of the harsh winter winds 
from entering through the courtyard space.
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3. CFD Wind Analysis Results
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2. Methodology

1. Introduction


