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Abstract—This research investigates of the
effects of inlet wind velocity and inlet wind direction
on airflow around the buildings of Rajamangala
University of Technology Rattanakosin (Salaya),
Thailand using Computational Fluid Dynamics
(CFD) turbulence models. The evaluation of a
CFD model’s performance and validation of its
predictions with high-quality experimental data
is necessary before the model is used in practice.
In this study, there are 2 Models. Model 1 is the
simulation for an inlet wind velocity of 0.5 and
1.5m/s in the west direction. Model 2 is the simulation
for an inlet wind velocity of 0.5 and 1.5 m/s in the
south direction. The results were found that the
higher inlet wind speeds at the inlet flow boundary
would lead to a higher increase in the average
speed of air around the building. In addition, the
combined wind speed and inlet flow direction were
affected to where the maximum wind speed occurs.
The data obtained from this study will serve as a
future basis for the construction of buildings in the
university to provide better natural ventilation.

Index Terms—Airflow, Numerical Model, Wind
Speed, Wind Direction

1. INTRODUCTION

The university land area which is consisting of a
lecture building, operating buildings, offices, stadiums,
libraries, etc. They should have open spaces for
outdoor activities, and the area should also be good
air ventilation. Surrounding infrastructure and
buildings play an important role in the airflow around
the buildings. In addition, controlling the direction of
air and the speed of air flowing into the building and
the living space surrounding the building provides a
consistent wind speed and is suitable for activities
in that part of the area [1]- [3]. Current analysis

of airflow dynamics surrounding the building has
become an integral part of the planning of the project
or construction. This is because the energy of the
airflow is an important factor that contributes to
thermal comfort both indoors and outdoors [4]-[7].
The study of airflow around the building simulation is
anew matter to help in this area. It can be performed
in two ways: (a) physical model and (b) computer
simulation. By the way, the computer simulation
will yield faster results and a lower budget than the
actual building model. However, the right choice
and compromise between the accuracy and cost
associated with modeling wind flow around buildings
is essential in meeting practical engineering needs.
The airflow around buildings has been studied for
several purposes, such as (a) determination of wind
surface pressure distribution on building envelopes,
(b) turbulent dispersion of airborne contaminants,
and (c) pedestrian comfort. There are three widely
used numerical approaches for analyzing outdoor
turbulent flow using Computational Fluid Dynamics
(CFD) based on Reynolds Averaged Navier-Stokes
(RANS) equation, Large Eddy Simulation (LES), and
Direct Numerical Simulation (DNS) [8]-[10]. Many
previous researchers have studied the flow around a
single building (bluff body) or multiple buildings [7],
[11]-[15]. The literature review revealed that there
are limited studies available for intermediate cases,
in which the buildings are close enough and the flow
around the building is strongly affected by adjacent
buildings.

The main objective of the present study is to provide
a faster, yet reliable and simple modeling tool for
simulations of outdoor airflow around multiple buildings.
The intent is to improve the 2D k-¢ turbulence models
mainly developed and used for modeling airflow
in indoor environments. The measurement airflow
around the building at the Rajamangala University of
Technology Rattanakosin (Salaya campus) has been
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carried out to provide the base for input data in the
simulation. Then, the effects of inlet wind velocity
and direction on airflow around the buildings were
obtained.

II. MATERIAL AND METHODS

The Rajamangala University of Technology
Rattanakosin (Salaya campus) has been selected for
investigation of the airflow around the buildings.
There are 25 buildings in the area, as seen in Fig.1.
In order to fit the model with the similarity analysis of
incoming flow, modeled buildings have been scaled
to a 1:100 ratio.

(b)

Fig. 1. Modeled buildings in area of the Rajamangala University of
Technology Rattanakosin (Salaya campus) (Ref. https://building.
rmutr.ac.th)

A. Numerical Models

For a systematic study of the effects of wind inlet
direction and wind speed on airflow, the application
of computational fluid dynamics offers considerable
advantages over field measurements and wind-tunnel
experiments [16]. However, a main disadvantage of
CFD is that it can be computationally expensive when
increasing the resolution of the computational mesh
and/or the size of the computational domain [17].
From Fig. 1, amodel is drawn to calculate the airflow
around the building as seen in Fig. 2.
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Fig. 2. Calculation domain

In this study, a numerical model is developed using
COMSOL Multiphysics (Version 4.4), which is
CFD software. The details of the numerical model
including governing equations, turbulence modeling,
boundary conditions, and initial condition are presented
on the following topics.

Assumption: (a) Flow field is two-dimensional and
steady. (b) All thermal properties are constant. (c) Air
is an incompressible fluid.

Continuous equation [18]:
vV-U=0 1)

Navier—Stokes equations [18]:
k2
¢ ].((VU)+(VU)T)}-VP @)

Where p is the fluid density [kg/m’], U is the
average velocity [m/s], 1 is dynamics with a viscosity
[Ns/m’] P is pressure [Pa], k is the kinetic energy of
turbulence [m’/s’], & is the diffusion rate of the kinetic
energy of the turbulence [m’/s’].
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The k-¢ turbulence model:
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The equation can be distributed as follows:
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Where o, = 1.00, 0,= 1.30, C,; = 1.44, C,, = 1.92,
C,= 0.09 are the standard values proposed by
Spalding and Launder [19].
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B. Boundary and Initial Conditions

All calculation setting is shown in Table I.

TABLE I
CALCULATION CONDITIONS
Inlet
u=uinpul m/S v=0.0 m/s
u=u,

k=(3IT2 /2)(“0 -u,),6=C,"" ((SIT2 /2)(u0 -uo))l's /L,

Outlet:
P=0 Pa

P=Po
n-Vk=0,n-Ve=0

Side wall:

n-u=0,

[(n-Pr]T ) (Vu+ (Vu)T )] n= |:pC|u°'25k°‘5 / (ln (SW+ ) /K+C" )] u
n-Vk=0,

&=C,""k"*/(K3,, ) where 8,"=5,pC,"*k"*/n

For the inlet velocity (u;p,,,), rotary vane
anemometry is well-known as a measurement
technique with good spatial and time resolution
and has been established as a reliable and versatile
technique for velocity measurements in flow fields
with low to moderate turbulence intensities. Fig. 3 is
shown the Testo 435 rotary vane anemometer which
is an accuracy of 0.3 °C. From the measurements, all
the data are collected as preliminary data to simulate
airflow.

Fig. 3. Rotary vane anemometer (Testo Model 435)

C. Numerical Methodology

The CFD simulation setup provides a summary
of the computational domain description used in the
analysis along with the grid distribution, boundary
condition settings, and numerical scheme [20], [21].
A grid sensitivity test was conducted to ensure the
computational accuracy of the simulations with
COMSOL™ Multiphysics. As shown in Fig. 4,
a structured grid is deployed to discretize the
computational domain for COMSOL simulation.
Two-dimensional structured mesh along with the
finite element method were utilized to discretize the
computational domain and to describe the mass and
momentum transport for each cell. There are 167,728
elements in the calculation domain.

N

Fig. 4. Mesh generation

Fig.5 Shows the process of CFD simulation.
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Fig. 5. Solution procedure for CFD model
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III. RESULT AND DISCUSSION

The effects of inlet wind velocity and inlet wind
direction on airflow patterns around the building
in the Rajamangala University of Technology
Rattanakosin (Salaya campus) are investigated using
Computational Fluid Dynamics techniques. Fig.6 is
shown the position and name of the building in the
area.

RUMTR (SALAYA)
’ (@)

L[ Tlem v/ [@] @)
1) -
@ gg Y190 rg%

N PR e

Fig. 6. The building location and name in the area of the Rajamangala
University of Technology Rattanakosin (Salaya campus)

Where the buildings name according to Fig. 6 are
as following:
(5) Building 1 and Building 2, Academic Promotion
and Registration Office
(6) Faculty of Business Administration Building
(7) Office of the President
(8) Canteen
(9) Office of Service Science and Information
Technology
(10) Sirindhorn Building
(11) Building for the 6" anniversary of the Royal
Patronage
(12) Meeting room 1,500 seats
(13) Physical Education Building
(14) Faculty of Engineering Building
(15) Product design work building
(16) Office of training dormitory
(17) Training dormitory
(18) Directorate of Director General, 4 buildings
(19) Government Residential Building 1 (4 floors)
(20) Government Residential Building 2 (4 floors)
(23) House, building, location
(24) Operating Building, Premises

A. Model 1: Inlet Wind Velocity of 0.5 m/s and 1.5 m/s,
Inlet Wind Direction in the West.

Fig.7 is shown the simulated air velocity pattern of
model 1. The air inlet is from west (behind at university)
to east (in front of the university) horizontal flow at
speeds of 0.5 and 1.5 m/s respectively. Both cases
(velocity 0.5 and 1.5 m/s) are based on the same airflow

profiles around the buildings. The results show that
when the airflow through and/or hits buildings, it affects
the speed and pattern of the velocity. However, the
rate of change increases with increasing inlet wind
speed. From Fig. 7, the area in front of the canteen is
the magnitude of velocity maximum. This is because
the venturi effect causes the airflow to speed up. The
high air speed is causing dust dispersion.

Max: 2.26

Min: 0

(a) Inlet wind speed 0.5 m/s

Max: 6.27

Min: 0
(b) Inlet wind speed 1.5 m/s

Fig. 7. The velocity profile around the building, the wind direction
in the west

Fig. 8. The velocity profile around the building in each section, at
an inlet wind speed of 1.5 m/s from west to east

Fig. 8 is shown the velocity profile in each section
at a wind speed of 1.5 m/s from west to east. It is
found that the comfort area (velocity about 1.0-2.0
m/s) occurs at the Office of Service Science and
Information Technology. While airflow around the
Government Residential Building 1 (No. 19) is the
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low velocity (occurring negative pressure) because
there are many buildings in the area. The air velocity
is less than 0.25 m/s.

B. Model 2: Inlet Wind Velocity of 1.5 m/s, Inlet Wind
Direction in the South.

Based on the results of the CFD simulation, Fig. 9
is shown the velocity profile around the building,
wind speed of 1.5 m/s, and the wind direction from
south to north. It is found that the magnitude of
velocity occurs between 1.5-2.0 m/s. The location of
buildings No. 20, 23, and 24 with a wind speed of
about 2.0-2.5 m/s, and air velocity is quite suitable to
designate as a rest area. It is observed that the velocity
of the air increases as it flows through the openings
between the buildings.

Max: 2.94

Min: 0

Fig. 9 The velocity profile around the building, the wind direction
in the south

Fig.10. The velocity profile around the building in each section, at
an inlet wind speed of 1.5 m/s from south to north

Fig. 10 is shown the velocity profile in each section
at a wind speed of 1.5 m/s from south to north. It was
found that the air velocity was about 2.9 m/s in the
area behind Building 1 and Building 2 (No.5), which
are the Academic Promotion and Registration Office,
respectively. This is because of air hitting the buildings.
While the negative pressure area occurs at the back of
the 6th cycle of the King’s Birthday (No. 11).

IV. CONCLUSIONS

This research was to study a numerical study
of airflow around the building area of Rajamangala
University of Technology Rattanakosin (Salaya) to
increase the knowledge and understanding of the
behavior of airflow around the building where the
airflow enters in different directions.

The research begins with studying the basic
knowledge of airflow, such as turbulent flow by using
computational fluid dynamics. Then, a combination of
the knowledge of numerical methodology including
knowledge of airflow through various shapes and
information on the fluid properties are used in the
calculation. Finally, the nature of the airflow, when
the wind blows in different directions and changes the
speed is studied. The results of the research are shown
for two models. For model 1, the comfort zone occurs
around the Bureau of Science, Service, and Information
Technology building (No. 9) with wind speeds of
1-2 m/s from west to east. For model 2, the comfort
zone occurs around the Residential Building (No.20,
23, 24) These results are to obtain basic information
about airflow and is the basis for the development of
future mathematical models. This research is used
as a tool for decision-making in building layout
design within the area of Rajamangala University of
Technology Rattanakosin (Salaya campus) in terms
of energy saving.

V. SUGGESTION AND RECOMMENDATION

For the next research, the models should analyze
heat transfer and consider it three-dimensional to get
results that are closer to the real phenomena.

The comparison magnitude of velocity between
the simulation and experimental results should be
carried out.
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