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Abstract:A modern building has requirements need to consider increasing the
quality of the building. In design the building, fresh air, cooling and heating is
the important role to consider. The Heating, Ventilation and Air conditioning
(HVAC) is most important part in building. Centralized system is the common
use especially in large building. Usually, the system are using diffuser for air
inlet and grille for air return. Therefore, the aim of this study is to determine
the effectiveness of diffusers and grilles position in order to distribute the cool
air into building. The objectives of this study are to perform a simulation in
building and validate the simulation data with actual data. The CAD model
was developed by using SolidWorks software. Then, the simulation was
performed by using ANSYS-FLUENT software. The simulation result was
validated by compare actual data. The result of temperature of air velocity of
the room is not acceptable according to MS:1525:2014. The minimum velocity
of the simulation data is 0.001m/s and the temperature is 17.0 °C and the
maximum velocity is 3.5m/s and the temperature is 18.5 °C. The difference
velocity of actual data and simulation for maximum and minimum velocity is
29.90 % and 99.50 % and for the maximum and minimum temperature
difference is 0.53 % and 4.20 %. The minimum air velocity that acceptable for
room air velocity based on Ms:1525:2014 is 0.15 m/s and the temperature is
23.0 °C. Therefore, the improvement of HVAC design is required.

Keywords: Centralized system, Computer Fluid Dynamic, velocity, temperature,
ANSYS-FLUENT

Introduction

A building has requirements need to consider to increase the quality of the building. The process of

build need many consideration to make sure the building safe for user. In building, the important part
after construct the building is the services system that apply in building such as electrical system,
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telecommunication system, water supply system, drainage system and most important part is heating,
ventilation and air conditioning system (HVAC).

HVAC system is an important part of system that can increase the performances and quality of the
building. A HVAC system provides is to meet the requirement of comfort, cost, efficiency and aesthetic
appeal.[1] The cooling in building is important and need to improve day by day in order to provide
comfortable indoor environment. The absence of comfort condition will disturb people and effect to
health. According to America Society Heating, Refrigeration and air conditioning Engineering
(ASHRAE)-55 Standard, thermal comforts are state of mind of the fulfilment of the thermal condition.

The two important factors for indoor environment comfortable are indoor air quality (IAQ) and
thermal comfort. In thermal comfort, the basically consist air humidity, air temperatures, mean radiant
temperature, air velocity and activity of occupant. Based on ASHRAE standard 55-1981 the
temperature and humidity ranges are comfortable to most people in large sedentary activity. In addition,
air indoor quality and thermal comfort have significant impact to the occupant output productivity. The
thermal comfort achieve by varying the condition of air supply. Based on the ASHRAE-55 standard
section 5, the design of thermal environment condition which required is to satisfy a specific percentage
of the tenant of the space. Air indoor quality (AIQ) is state as cleanness of air in room with regard
human health.[2]

1.2 Problem Statement

The large buildings nowadays are mostly using ductwork in HVAC system. The ductwork
distribution can increase the performance and minimize the cost. The ductwork have outlet and inlet
vent that mostly use diffuser and grille. The design of the outlet vent must be consider the location
installation because can affect the air distribution and air flow pattern in room.[9] Maintaining a balance
air distribution through slot and diffusers is important in ensure comfort condition. In an indoor space,
the unbalanced distribution air may sense lower or sense higher ambient parameter values.[3]

The poor air flow distribution can give an impact to the occupant activity. The poor air distribution
will increase the odor and contaminant in spaces.[7] For example, the location of grille is close to the
supply diffuser, air by passes the room and flow direct back into the return duct.[8] Other that, the closer
can make a heat transfer and effect the circulation in system. Based on ASHRAE chapter 57, the intake
should be located in the stagnant zone to return the warmest room air during heating. The air surround
in area but the air characteristic is different based on the location. Recently, CFD are convenient tools
are used to simulate the air flow. CFD analysis aids in understanding and optimizing the flow behavior
through the complete intake system.[10] Therefore through this study will simulate the air flow
distribution inside the building and able to determine the practical location of diffuser and grille that
give good impact on thermal comfort.

1.3 Objective
The objectives of this study are:

e To perform air simulation in the building by using ANSYS-FLUENT
e To validate the air properties ANSYS-FLUENT data with actual data.

1.4 Scope of study
The scopes of this study are:

e Use ANSYS-FLUENT software for perform the air simulation.
e Validate the simulation data by comparing temperature and velocity with actual data

2. Methodology
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Figure 1 show the flow chat of methodology to complete the study of air flow distribution by using
CFD. The flow created to help achieve the objective of the study. The first objective is to identify the
building physical, develop CAD model and run the simulation using ANSY-FLUENT. For second
objective validate data simulation and analysis the data with actual data.

Determine building —
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Develop CAD model

=  Objective |

I

Eun simulation by
ANSYS-FLUENT

Validate NO

Data from experiment

YES Oljective 2

Result Analysis

Figure 1: Flowchart of methodology

2.1 Building Specification

The location of the building is at Block C University Tun Hussien Onn Campus Pagoh, Johor. The
process to determine the building physical have include the size of the building and number of outlet
and inlet of space. Figure 2 shows the layout of selected building. The size of building is 25563 mm x
13625 mm and have 26 units diffusers for of air supply and 4 unit of grilles for return air.
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Figure 2: Layout of selected building
2.2 Develop CAD model

The second stages is to develop the CAD model for the space by using SolidWork software. The
CAD model is including the size of the diffuser inlet and grilles outlet. The size of the diffuser is 600mm
X 600mm that refer to ASTI ceiling diffuser catalogue and TROX grilles catalogue for grilles size. The
grilles size is 1225mmx 525mm. Figure 3 shows the CAD model for building that developed by using
SolidWork software.

Figure 3: Show the CAD model using solidwork
2.3 Simulation process

The next stages is to perform the simulation by using ANSYS-FLUENT. Basically, simulation
involved three process, called pre-processing, solver and post-processing in sequence as depicted in
Figure 4.
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PRE-PROCESSING | Meshing:
Grid Generation
SOLVER CFD Solver:
_ FVM/FDM
POST-PROCESSING Data visualisation

Figure 4: Basic Process in simulation

2.5.1 Grid generation

Grid generation is a process of meshing the CAD model into element. This study was used geometry
for display mesh. The number of the element of the model is 3837 as shown in Figure 5 and Figure 6.

tails of "Mesh"

Display
Display Style Use Geometry Setting
Defaults
Physics Preference CFD
Solver Preference Fluent
Element Order Linear
Element Size Default (1.4621 m)
Export Format Standard
Export Preview Surface Mesh | No

Quality

Inflation

Assembly Meshing

Advanced

Statisti
Modes 966
Elements 3837

Figure 6: Properties of the mesh
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2.5.2 Set up solver for simulation

The next process is setting up boundary condition and scheme for solver. The selected turbulence
model is k-epsilon. The boundary condition set up for diffuser is velocity inlet and air return as pressure
outlet.
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Figure 8: Boundary condition

4. Result and Discussion

Through the simulation, the result of the temperature and air velocity was obtained. Figure 9 and
10 show the temperature distribution in the building from the YX view and XZ view.
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Figure 9: Temperature distribution from YZ view

Figure 10: Temperature distribution from XZ view

The temperature result show the minimum temperature in “Makmal Struktur Ringan” is 291.8K(
17.00 °C) and the maximum temperature is 291.7K (18.55 °C). The distribution of temperature at grilles
area are lower than others. Besides that, based on the ASHRAE standard provide for HVAC design
state the selected outlet is provide to adequate and direct away from return or exhaust it did not affect
the short circuit. [4]

Meanwhile, Figure 11 and Figure 12 show the result of air velocity from YZ view and XZ view.
The minimum velocity in room is 0.001 m/s and the maximum velocity is 3 m/s. The result indicated
that front side which is far from grille has lowest air velocity. Dan Int - Hout in ASHRAE journal have
state “In the real world, air movement toward return openings is imperceptible except within a few
inches of the opening. In ASHRAE chapter 20 have state a guidelines for location of the return grilles
it is “Openings should be located to minimize short-circuiting of supply air’’. Addition, The return air
should located at sufficient distance from the supply outlet to avoid short circuit.[5]
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Figure 11: Velocity distribution from YZ view

Figure 12: Velocity distribution from XZ view

4.1 Comparison result with actual data

Table 1 show the summary of temperature and velocity of actual and simulation data. The maximum
temperature of the simulation is 18.50 % is 0.53 % lower and actual data. The difference between the
minimum temperature for actual data and data simulation is 4.20 %. The 20.00 % is a different for
maximum velocity of actual and simulation data. The difference of minimum velocity of actual and
simulation data is 99.50 %.

Table 1: Comparison data between actual and simulation

Temperature Velocity
Max Min Max Min
Actual Data 18.70 °C 18.5°C 5.562 m/s 0.466 m/s
Simulation Data 18.5°C 17.0°C 3.500 m/s 0.001m/s
% different 0.53 % 4.20 % 29.90 % 99.50 %

5. Conclusion

An air flow distribution study in “Makmal Struktur Ringan” was present by using ANSYS-
FLUENT software. The result indicated that diffuser and grille postion give impact to air distribution.
At the back area of building which is around grille have lower temperature and higher velocity compare
to the front area. Meanwhile, the simulation results was validated through temperature result with low
percentage difference. The velocity result given higher different due to simulation constrain. The
simulation performed by using student version of ANSYS-FLUENT software that have limited number
of elements can be applied.
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Through this study show that, the simulation can be used as a tool in order to predict the air
distribution that provide by HVAC system. So that, other that follow ASHRAE standard for HYAC
design, simulation can be use in design of system. This able to increase efficiency of HVAC system
and reduce energy, cost and failure.

5.1 Challenging doing air flow distribution using CFD

e To learn Solidwork and ANSYS-FLUENT.
e Tounderstand the simulation went getting floating point and to get a suitable setting
e Setting the time to measure the velocity and temperature in room.
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