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are important characteristics, and they must to take into account during design and
calculation. Therefore, the present work employed CFD ANSYS Fluent to study the
effect of exhaust fan numbers and exhaust fan arrangements on the room temperature
and the air velocity. The heat source are contributed by humans, and the solar
radiation effect are included in the computational. Five designs with various number
of exhaust fans and arrangements are studied. According to the result, Design 5
produces the lowest average room temperature, 26.52°C. Although the average air
velocity of Design 5 is the highest; around 0.083m/s, it still acceptable as it has the
maximum air velocity spot lower than 0.1m/s. In the present work, Design 5 shows the
best performances and the best air ventilation design for the Modular Badminton Hall
in Malaysia.
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1. Introduction

In Malaysia, badminton is the second most popular sport, after soccer [1]. Many of the world
class badminton players are from Malaysia; including Lee Chong Wei, Misbun Sidek, Rashid Sidek etc.
Thus, the federal government of Malaysia spent the millions of Ringgit Malaysia on badminton
facilities, including badminton hall. Two years ago, Badminton Association Malaysia (BAM) received
a proposal to develop modular badminton hall (MBH). The advantages of the MBH are i. easy to
transport and relocate; ii. fast installation and dismantling; iii. minimal ground work; and iv. wide
variety configurations [2].

The heating, ventilation and air conditioning (HVAC) is an important aspect in badminton hall
design. The temperature, the relative humidity (RH), the air change per hour (ACH) and the air
velocity are important characteristics, to provide comfortable and conducive environment for
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badminton players and spectators. Therefore, the present simulation predicts the air temperature
and the air velocity inside MBH, at the given heat and ACH. According to Sport Hall, Design and Layout
[3], the room temperature, the ACH and the air velocity should be at 18°C, 1.5 and 0.1m/s,
respectively. However, in Malaysia, to achieve the room temperature of 18°C, it consumes very high
electricity cost. Therefore, the present work only focuses on reducing room temperature by forced
convection, in order to obtain the low temperature as possible, without air conditioning system.
Sometime, relative humidity is important to ensure comfortability of the badminton player. Some
method was used to control air relative humidity. Thus, Pravinth et al., [4,5] and Khalid et al., [6]
study to control and amend air relative humidity with water nozzle arrangements and desiccant
materials.

Currently, many researchers employ CFD to predict the room temperature and the air velocity
inside the badminton hall. Parikh [7] employs CFD to predict the flow behavior inside badminton hall.
He used k-epsilon turbulent model to predict the air velocity. He claimed that the acceptable
temperature for badminton hall between 20 °C and 25°C. At the ACH of 3.27, and the volume flow
rate of 24.2m?3/s, the author obtained the maximum air velocity for badminton hall 49m x 49m x
12.15m was 0.13m/s, slightly higher than the allowable air velocity (0.1m/s). Thus, the author
recommended some opening must be close off. Moreover, the author not consider solar radiation in
his study. In 2016, Darshakkumar et al., [8] conducted the CFD simulation study on the badminton
hall in Vadodara, India. They set ACH of 3; which was 1.5 higher than the minimum ASHRAE standard.
Similar to Parikh [7], the solar radiation was not includes in the simulation study. According to the
CFD result, the maximum air velocity was 0.18m/s, which is not acceptable for playing condition.
Therefore, the author recommended that the ACH in that badminton hall must be around 1.5.

In the other application, the CFD also used to predict the temperature and the air velocity
behaviors in sport hall. Qian and Yang [9] employ CFD Icepak to predict and design the air
temperature and the air velocity inside gymnasium competition hall. According to their finding, the
combined air distributors have higher energy efficiency than the single air distributor. They claimed
that the CFD produces accurate and valuable guideline in future design. Stathopoulou and
Assimakopoulos predict the indoor environment condition using CFD Phoenix [10]. The simulation
results have been validated with experimental results, in order to enhance reliability of the CFD
results. The simulation results revealed that the spectators at upper seat will experience discomfort
condition, due to the high temperature and the high CO; concentration, especially at hot weather
and during match.

More than that, the CFD also used to examine the indoor air quality. Isele et al., [11] employing
the CFD to investigate the indoor air quality of the sport hall. The natural air ventilation; the warm
contaminated air rises towards ceiling, and the cool fresh air flows downward towards ground floor,
have been simulated by the authors. Their results shows that the distinct interface area have higher
CO; concentration than the ceiling and floor areas. Other than these, the CFD also widely used in the
electronic cooling application [12], the commercial aircraft design [13,14] and the sport equipment
[15]. In the present study, the CFD is used to predict the air temperature and the air velocity in the
MBH at the given heat, for the various number exhaust fans and its arrangements. The solar radiation
is take into account in the present simulation study.

The development of modular hall as badminton court is introduced in the present work. In fact,
until now, no modular hall is employed as badminton hall, especially in Malaysia. Therefore, the study
of modular hall for badminton must be comprehensive, and the first step is by using CFD. An objective
of the study is to investigate the effect of numbers and arrangements of exhaust fans on air velocity
profile and temperature distribution, which is take into account of solar radiation.
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2. Methodology

The model and dimension, the boundary condition and the computational setup are discussed in
the methodology section.

2.1 Geometric Modelling and Dimensions

The present work developed 5 MBH models in order to investigate the air circulation and the air
temperature inside MBH, in order to reduce the air temperature and the air velocity. The length,
width and height of all MBH are 27.2m, 25m and 12.9m, respectively. The geometric modelling has
been drawn using GAMBIT pre-processor. The 2.65 million hexagonal mesh elements were used in
the present simulation. Table 1 show the numbers of exhaust fans for all model.

Table 1

The numbers of exhaust fans
Design  Exhaust fan number
18

18

26

18

26

ua b WN -

2.2 Boundary Conditions

Afterwards, the CFD Fluent 17.2 version was used to predict the temperature and air velocity
inside the MBH. The ambient temperature of the present simulation was 25°C. The ground floor, roof
and side walls were set as wall. The pressure inlets were set above wall, and it has the height of 10cm.
The value of pressure inlet and temperature were OPa and 25°C, respectively. The pressure outlets
was employed to represent exhaust fans. The area of all of exhaust fans were 0.041m?, and each of
them has capability to suck out 500cfm of the air inside MBH. All the exhaust fans were located on
the side walls.

For simulation Design 4 and Design 5 only, they have 10cm air gap between the roof and the side
walls. The air gap was set as pressure outlet with OPa. The purpose of the air gap was to remove
radiation heat from the roof. The material of roof was set as steel, and the other wall were set as
concrete.

For heat boundary condition, the spectator or human was set as heat flux, and they released heat
by natural convection. In the present work, the total heat released by human was 2870W. The
simulation model take into account the heat radiation. The Direct solar irradiation and the diffuse
solar irradiation were set as 1250W/m? and 800W/m?, respectively.

2.3 Computational Setup

The incompressible ideal gas was employed in the present work, in order to activate natural
convection. In spatial discretization section, standard formulation was selected in pressure equation.
Second order upwind was used in momentum and energy equations. 1000 iteration has been set and
the simulation converged at iteration of 963. Figure 1 illustrates the geometric configuration and
boundary condition setup of the present simulation.
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Fig. 1. The geometric configuration and boundary condition setup
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2.4 Grid Information and Grid Independent Test

The present work employs 3.5 million hexagonal meshing. The structural meshing was developed
using GAMBIT pre-processor. It cost 4 days for one case to converge. It take long time for one case
to converge due to parallel simulation is not allowed for solar radiation application. Then, the grid
independence test was conducted before examining the velocity and temperature distribution inside
badminton modular hall. Three different numbers of meshes were used: 1500000 (coarse mesh),
3500000 (fine mesh) and 4800000 (very fine mesh). According to the result, the average temperature
inside modular hall for Design 1 and coarse mesh is 26.02°C. The fine mesh and very fine mesh
predicting the average temperature inside modular hall are 27.87°C and 27.44°C, respectively.
Therefore, the fine mesh is used in the subsequent design simulation, as the fine mesh has a
temperature almost same with very fine mesh, in which temperature of fine mesh is 1.5% higher
than very fine mesh.

3. Results and Discussion

Figure 2 illustrates the wall temperature contour of MBH. In general, the wall temperature for all
models, are less than 30°C. The figures also show that the highest temperature contour occurs on
the roof of MBH, for all models. The solar radiation is a potential root cause of the abovementioned
phenomenon. The maximum solar radiation happens at noon, and at this time, roof has the highest
view factor exposed to the sun. The figure also shows that the wall temperature decreases as it
locates away from the MBH roof. It happens due to the inlet of cool air ventilations are located at
floor level. According to the figure, the lowest wall temperature is produced by Design 5. It means
the exhaust fan arrangements and the number of exhaust fans have a huge potential to reduce the
wall temperature.

The air velocity contours at height 1m above floor surface are illustrated Figure 3. According to
the figure, all the design produce the air velocity less than 0.1m/s. The air velocity of 0.1m/s is the
maximum air velocity allowed by sport England standard [3]. According to the figure, the highest
average air velocity are produced by Design 4 and Design 5.

Figure 4 illustrates the air temperature contour inside the MBH. According to the figure, Design
5 wall shows the lowest air temperature inside the MBH, however, Design 1 shows the highest air
temperature. Design 4 produces lower the air temperature than Design 3, even though, Design 3 has
higher the number of exhaust fan than Design 4. The figure also illustrates that the ground level has
lower temperature than the upper level. It is expected that the heat source in the present work
comes from roof, due to solar radiation especially at the noon. In addition, the heat released by
spectators move upwards to the roof, due to the buoyancy force, then exit to outside through the
exhaust fans.
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Fig. 2. The wall temperaure contour of MBH (°C)
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Fig. 3. The air velocity contour at height of 1m of floor surface (m/s)
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Fig. 4. Temperature contour in side view (°C)

Table 2 summaries the average air velocity in Figure 3. Design 2 is predicted to produces the
lowest air velocity at height of 1m, followed by Design 1, Design 3, Design 4 and Design 5. In addition,
Design 2 has the lowest maximum air velocity spot than the other designs. Meanwhile, Model 1,
Model 2, Model 3 and Model 4 have similar maximum air velocity spot. A potential reason is, Design
2 have lower number exhaust fan; 18 exhaust fans, and they are located all MBH wall sides. Although
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Design 1 also used 18 exhaust fans, however, they are located only at front and back walls, as
illustarted in Figure 1.

Table 2
Summary air velocity in plane y=1.0m
Design Average air velocity (m/s) Max air velocity in court area (m/s)

1 0.075 0.1
2 0.061 0.075
3 0.076 0.1
4 0.098 0.1
5 0.099 0.1

The summary of MBH simulation study is shown in Table 3. The lowest wall temperature is
produced by Design 5, and the highest hotspot wall temperature is presented by Design 1. For the
average air velocity aspect, Design 2 show the best performance, which is the lowest average air
velocity. It is followed by Design 3, Design 1, Design 4 and Design 5. The average air temperature
shows similar pattern to hotspot wall temperature. The lowest average air temperature is 26.52°C
and it is produced by Design 5. The highest average air temperature is produced by Design 1.

Table 3
Summary of overall performance
Design Hotpsot wall temperature (°C)  Average air velocity (m/s) Average air temperature (°C) ACH

1 29.85 0.0675 27.87 2
2 28.94 0.0603 27.38 2
3 28.61 0.0652 27.17 2.88
4 28.31 0.0806 26.80 3.02
5 28.07 0.0863 26.52 4.36

At the beginning, the study only focuses on ACH of 2. Since at ACH of 2, or 18 exhaust fans, shows
low the maximum air velocity in MBH, the study increases the number of exhaust fan up to 26 exhaust
fans. Therefore, Design 3 and Design 5 have higher ACH than Design 1 and Design 2. As the empty
space gap between the wall and the roof was applied in Design 5 and Design 4, they are functioned
as the secondary natural exhaust fan and they help in remove heat from the roof. Thus, Design 4
shows higher ACH and the average air temperature than Design 3, even though, Design 4 has lower
number exhaust fans than Design 3. Design 5 show the highest ACH and the lowest air average
temperature as it has the highest number of exhaust fans, and owns the secondary natural exhaust
fan between the wall and the roof.

Although Design 1 and Design 2 share the same number of exhaust fans, Design 2 show better
performance; lower the wall temperature and the average air velocity, than Design 1. Design 1 and
Design 2 has same number of exhaust fan, however, the exhaust fan arrangement of Design 2 is
different with Design 1. For Design 1, the exhaust fans only located at front and back walls. Thus,
most of the air movement only focuses on front and back walls. However, the exhaust fans of Design
2 are located on all walls of MBH. Thus, air movement flows uniformly inside MBH. Therefore, Design
2 has lower air velocity and air temperature than Design 1.

4. Conclusions

The prediction of the air velocity and the air temperature inside MBH are discussed. The heat of
spectators and solar radiation are take into account in the simulation. The effect of the exhaust fans
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and its arrangement, are investigated and discussed in this paper. The result indicates that the local
air velocity for all design is or less than 0.1m/s. The highest hotspot area happen in MBH roof. Design
5 produces the lowest average air temperature; 26.52°C, followed by Design 4, Design 3, Design 2
and Design 1.
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