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ABSTRACT

The indoor airflow distribution is the most important criteria as it will affect the thermal comfort
of the occupants. This project is mainly focusing on modeling for temperature and velocity based
on without and full occupancy inside lecture theatre. The simulation solution process be made
up of modeling and meshing the basic geometry of the lecture theater using the ANSYS Fluent
16.0 CFD software. The intention of the project is to develop a Computational Fluid Dynamics
(CFD) model that can describe the indoor airflow distribution with different number of
occupancies setting in a lecture theatre and propose a suitable thermal condition for lecture
theatre based on thermal comfort and environment. Many considerations have been taken to
design this lecture theatre. The lecture theatre is designated with the length of the hall is 20.87
m, height 2.78 m and width 8.73 m. The velocity of the centralized air-conditioned system was
setup by limitation of Malaysia Standard MS1525:2019 and varied between v = 0.5 m/
s,0.3m/s,0.15m/s and constant temperature which is 24°C. The results demonstrate how
temperature and velocity varies depending on the range of velocity setup. The airflow inside
lecture theatre was forced to be spinning and rotating manner. The results performed be able to
analyses which velocity setup is preferable. Based on the calculated value in the lecture theatre

of the simulation, Vy s, /s = 0.1896 m/s, Vi 3m/s = 0.1762m/s and Vg 15m/s = 0.1654 m/

s which is decreasing manner. The average temperature distribution inside lecture theatre with

fully occupied is also decreasing.



ANALISIS TABURAN ALIRAN UDARA DAN PERSEKITARAN TERMA DALAM

DEWAN KULIAH DENGAN PENDEKATAN PENKOMPUTERAN

ABSTRAK

Taburan aliran udara dalaman adalah kriteria terpenting kerana ia akan mempengaruhi
keselesaan termal penghuni.Projek ini menumpukan pada permodelan suhu dan had laju
berdasarkan tanpa penghuni dan penghuni penuh di dalam bilik kuliah. Proses penyelesaian
simulasi melibatkan pemodelan dan menggabungkan geometri asas teater kuliah menggunakan
perisian ANSYS FLUENT 16.0. Matlamat projek ini ialah untuk melaksanakan model analisis
Pengkomputeran Dinamik Bendalir yang dapat menggambarkan taburan aliran udara dalaman
dengan jumlah penghuni yang berbeza di bilik kuliah dan mencadangkan keadaan termal yang
sesuai untuk bilik kuliah berdasarkan keselesaan terma dan persekitaran. Beberapa
pertimbangan diambil untuk merancang bilik kuliah ini. Bilik kuliah dibina dengan kepanjangan
bilik kuliah adalah 20.87 m, tinggi 2.78 m dan lebar 8.73 m. Had laju sistem penyaman udara
berpusat ditetapkan mengikut Malaysia Standard MS1525:2019 dan pelbagai had laju dari v=0.5
m/s, 0.3 m/s, 0.15 m/s dan nilai suhu yang sama iaitu 24°C. Keputusan menunjukkan bagaimana
variasi suhu dan had laju bergantung pada jangkauan penyediaan halaju. Aliran udara di dalam
bilik kuliah dipaksa berputar. Hasil yang diperoleh dapat digunakan untuk menganalisis
pengaturan had laju mana yang lebih baik. Berdasarkan nilai yang dikira di dalam bilik kuliah

dalam simulasi, had laju setiap persediaan Vy sp,/s = 0.1896 m/s, Vg 31,5 = 0.1762 m/s and



Vo.1smys = 0.1654 m/s yang mana semakin berkurang. Taburan suhu purata di dalam dewan

kuliah dengan keadaan penghuni penuh juga adalah menurun.
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CHAPTER 1

INTRODUCTION

1.1 Background

The lecture theatre is a large-scale room used for teaching at Pusat Pengajian Siswazah
(PPS), UTeM based on Figure 1.1. In contrast to a common classroom with a capacity typically
between one and fifty, the capacity of the lecture theatre is generally estimated by 130 occupants
(students). The lecture theater has a pitched floor, so that those at the back are sitting higher than
those at the front (i.e. tiered seats) so that they can see the lecturer. A large stage is located in
front of the room, serving as a central point for the delivery and control of content. This lecture

theater is designed to meet the visual communication needs of a modern classroom.




Using the energy of airflow simulation is done by using a software that essentially
represents a lecture theater design and conducts physical calculations for the distribution of
airflow and the thermal environment inside the lecture theatre. The simulations may range from
a construction component to a building cluster. The lecture theater model along with the use
pattern and the local weather is required to determine different outputs such as peak loads,
device size and energy consumption over a given period for a computational approach using the
CFD (Computational Fluid Dynamics). These data can be used for estimating the cost-benefit
analysis of different design strategies by evaluating utility bills.

Airflow simulation may contribute to the evaluation of different design strategies. The
first tools are early design choices whereas decisions like the layout and configuration of the
building are introduced in the early design stage. However, due to the limited information
available at this stage, a detailed simulation may not be possible. The second tool is a simulation
assist in decision-making while selecting individual components of the structural envelope or
systems. Components or material selection are very important because it is used quite often to
analyze various designs and components for cost-effectiveness. Consequently, modeling must
be done with greater precision compared to modeling for early design decisions at this stage.
The final tools are the retrofit decisions: energy simulation will help to evaluate cost-effective
solutions for retrofitting existing buildings. The simulation model should be calibrated using the
assessed building performance data for an accurate analysis.

The systematic approach can be used to simulate the energy of buildings. Many data are
necessary. The necessary data should be collected before modeling begins. Location and
weather files are the following basic information required. In the worksite, tools for energy

simulation require hourly environment conditions (temperature, humidity, wind, velocity, solar
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radiation, etc.). In weather files, the information is available to extract the hourly ambient
conditions during the simulation. However, the weather file may not be available for some
locations such as Pusat Pengajian Siswazah,PPS at University Teknikal Malaysia Malacca
(UTeM). The weather data from a different location may be used in such cases with similar
weather conditions.

Different formats of weather files are available. Different tools use various formats for
simulation. Various weather file formats are used by different simulation tools. Utilities can be

found from one format to another on the web to convert weather files.

1.2 Problem Statement

Indoor air quality is a key concern for businesses, operators, occupants and employees, as
it can affect building workers' safety, comfort, well-being and productivity. Indoor air quality
also shows how the health, comfort and working ability of a person can be influenced by indoor
air. Which may involve temperature, humidity, mold, bacterium, low ventilation or other
chemicals, but may not be limited. In the past, less attention has been paid to indoor air pollution
compared to outdoor air pollution. By referring Department of Occupational Safety and Health
Malaysia (DOSH), this has now become a matter of increasing public concern, partially due to
modern indoor air pollution, the isolation of the indoor atmosphere and the investigation of the
so-called disease construction syndrome from the natural outside environment in well-sealed

buildings.

Low air quality indoors can lead to inconvenience, ill health and absenteeism at work, as
well as lower productivity. Good indoor air quality ensures the health and well-being of the

building's occupants. Like Legionnaire’s' Disease, Lung Exposure Cancer and Carbon



Monoxide (CO) pollution, which is well known and severe health impacts resulting of bad
indoor air quality (IAQ). More common health effects include the hypersensitive and asthma
caused by exposure to indoor pollutants (especially building damp and mold), colds and other
air-borne infectious diseases, and symptoms of ‘Sick Building Syndrome” due to higher indoor
pollutant rates together with other indoors. Such wider-ranging effects may affect large numbers

of building workers and are related to high costs due to benefits, sick leave and loss of

productivity.
' Sustainable \
Safe /
Secure
Operative
Figure 1.2: Characteristic of High Performance Buildings.
1.3 Objectives

The objective of this research is as follow:

1. To establish CFD model that can describe the indoor airflow distribution and

environment in a lecture theatre.

(©) universiti Teknikal Malaysia Melaka



2. To investigate the indoor condition with 130 number of occupancies setting by using
CFD.
3. To propose a suitable thermal condition for lecture theatre based on airflow distribution

and environment

1.4 Scopes of Project

The scopes for this project are:

1. Analysis of the airflow distribution and thermal environment in the lecture theatre.
2. CFD Simulation is optimized for with and without occupancy inside the lecture theatre.

3. Analysis in 3D (3 dimensional) in steady state condition.

1.5 Hypotheses/ Research Questions
1. How to perform the indoor airflow distribution inside the lecture theatre at PPS UTeM
by using Computational Fluid Dynamic (CFD) software?
2. What is the best indoor thermal conditions inside the lecture theatre with and without
occupancy in the lecture theatre?
3. How does the maximum number of load occupancy inside the lecture theatre to be

occupied affect an indoor airflow distribution affect?



1.6 The Importance of the Project
1. The study of scientific literature on indoor airflow distribution systems and ventilation
performance using CFD software.
2. ldentify and determine the most relevant room temperature and velocity of air flow

distribution systems in compliance with the Malaysian Standard MS1525:2019 limit.



CHAPTER 2

LITERATURE REVIEW

2.1  What is Indoor Airflow?

Airflow, or flow of air, is air movement. Airflow is mainly caused by the presence of air.
Air works fluidly, ensuring that particles flow naturally from areas with higher pressures to areas
with low pressure. The air pressure of the atmosphere depends directly on altitude, temperature
and composition (ThoughtCo., 2017). Throughout the engineering phase, airflow calculates the
amount of air flowing through a given system per unit time. The air flow can be caused by
mechanical means either by electric or manual fans or passively by pressure differentials in the
atmosphere.

Air can exhibit both laminar and turbulent flow variations, as with any fluid. The laminar
flow happens when air flows smoothly and displays a parabolic curve velocity profile; when
there is an unsteady there is a turbulent flow, which changes movement direction (for example,
the disturbance in the surface through which the fluid flows). According to ASHRAE (2017),

turbulent flow has a flat speed profile.

The Reynold number can be applied to predict the conversion from laminar to turbulent
flow, a ratio specifying the relationship between viscous and inertial forces in a fluid. This

number and related concepts can be used in scheme of all scales for fluid study. The speed at



which the fluid moves through the object depends on how far it is from the exterior of the object.
The region around an object with an air velocity approaching zero is called a bounding layer.
Surface friction affects most of the flow; surface irregularities can change the thickness of the

boundary structures and thus interfere with the flow.

2.2 Type of Air Distribution

A room air distribution is called analysis of how air is added, transferred and extracted
from spaces. The space HVAC airflow can generally be classified into a mixture (or dilution)
and an alternation of two different forms. Air is usually provided by a mixing ventilation system
in order to completely balance room volumes. The cool air supply comes out at high speed,
causing room air to blend and equalize the temperature. The temperature changes all over the
space are small since the entire space is completely mixed. Air outlets with various air design
options are available. The horizontal pattern of certain ceiling diffusers may be either 1.2, 3 or
4 (Figure 2.1). The internal factor and the location of the diffuser determines the selected pattern.
A vertical pattern choice is also offered for high ceiling or heating applications in some ceilings.
Complete slot diffusers with horizontal and vertical air patterns are also available in 1 or 2
directions. Linear bar grilles are available in many choices of an angular design, and sidewalls
grills can be set to a straight or stretch design. The air outlet performance and the resulting level

of comfort in the area are strongly determined by the type of air pattern.



Plan View Plan View Plan View Plan View
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Figure 2.1: Air Pattern distribution (Price Industries, 2011)

2.3 Governing Equations

Indoor airflow is typically modeled as a turbulent incompressible flow of Newtonian
fluid, and the following transport equations express the flow in the tensor notation. For steady
laminar flow of viscous, incompressible, Newtonian fluid without free-surface effects, the

equations of motion are the equation of continuity.

Conservation equation:



<
<
I
o

(2.1)

And transport equation that represents transport of linear momentum throughout the
computational domain is called as the Navier-Stokes equation:

V.V = —%VP’ + vV (2.2)
In equation 2.1 and 2.2, where
V is the fluid velocity, p is its density and v is its kinematic viscosity (v = u/p). The absence
of free surface effects allows us to apply is the modified pressure P’. Equations 2.1 and 2.2 apply
entirely to incompressible flow in which assume that both p and v. The equations of motion to
be solved by CFD for the case of steady, incompressible, laminar flow of a Newtonian fluid
with constant properties and without free surface effects. A Cartesian coordinate approach is
applied. There are four equations and four unknowns: u, v, w, and P’
Continuity equation:

ou v ow

x-momentum of the incompressible Navier-Stokes equation:

ou ou ou 19p’ 9%u  9%u  9%u
ua+v$+W£——;¥+v(@ W-I_E (24)

y-momentum of the incompressible Navier-Stokes equation:

ov ov ov 1 0P’ 0%v  9%v  9%v
LA LWL L Y i i 2.
uax+v6y+waz pay+vax2+ay2+azz ( 5)

z-momentum of the incompressible Navier-Stokes equation:

ow ow ow 19pP’ 2%w . 0%w |, 9*w
U—F+Vv—tW—=—-—+V(=+—+— 2.
0x + ay + 0z p 0z (axz + dy? + dz2 ( 6)
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2.4  Malaysia Standard MS 1525 2019

Malaysian Standard (MS) 1525: 2019 set out a code of practice for non-residential
buildings relating energy conservation and use of renewable energy. As published in MS 1525:
2019, the interior design conditions of an air-conditioned comfort cooling area should be as

follows.

The interior design conditions of the air-conditioned space for comfort cooling should attend

as follows:
a) Advised design dry-bulb temperature 24°C to 26°C
b) Minimum dry-bulb temperature 23°C
c) Advised design relative humidity 50% to 70%
d) Advised air movement 0.15m/s to 0.5m/s
e) Maximum air movement 0.70m/s

2.4.1 Dry and Atmospheric Air

Air is a composition of nitrogen, oxygen and some other gasses in limited amounts. Fresh
air normally does not contain water vapor or moisture and is known to be fresh air. In
comparison, dry air is referred to as dry air and does not contain any water vapor. Air is mostly
a combination of water vapor and dry air because dry air is adequately uniform, although the
volume of water vapor varies due to condensation and evaporation from the human body. Air
temperature varies from approximately -10°C to approximately 50°C. With a constant heat

capability with marginal error below 0.2% dry air can be considered an ideal in this region.

11



2.4.2 Specific and Relative Humidity of Air

Various ways to discover the volume of water vapor inside air. Most obviously, the mass
of the vapor exist in the unit mass of the dry air is clearly described. It is known as absolute or
specific humidity. Assume of 1 kg of dry air. Through nature, dry air does not contain a vapor
of water and its actual heat dampness is zero. The amount of moisture in the air is a definite
effect on how comfortable we feel in the environment. However, the level of comfort depends
more on the rate of humidity in the air than the average proportion of humidity that the air will
maintain at the same temperature. Relative humidity, ¢ is called the relationship between these

two volumes.

my air holds __ P,T/P,T _ Py

¢= =

mgy same temperature - PgT/PvT Py

(2.6)

2.4.3 Dew-Point Temperature
The temperature of the dew-point is described as the temperature at which the
condensation begins when the air is continuously cooled. This means that the dew-points

temperature corresponds to the saturated water temperature of the vapor pressure.

2.5  CFD Simulation of previous studies on indoor Airflow

Computational Fluid Dynamics (CFD) can be used to model air flow pattern or to analyze
with indoor airflow activity in the lectures hall. It can be used to predict airflow patterns around
a building’s airflow distribution. Flow of air, for instance in comparative ventilation and
infiltration, is often addressed in terms of its suitable construction science. The desired

distribution of fresh air into another space, typically indoor, and simultaneous air exit from the

12



indoors to the outside is defined as ventilation. It can be accomplished by involuntary means or
by passive (also known as natural ventilation) strategies. In comparison, the unregulated
circulation into an inadequately protected structure is characterized by air contamination,
typically combined with an involuntary leak of air-conditioning from the interior of a building
to the outside. Construction can be ventilated by mechanical systems, passive systems or
techniques or by combining both systems.

CFD models may provide indoor descriptions of plan concerns such as velocity,
temperature and level of contamination in a consistent and fast-moving methods. Such
simulation models are suggested as a cost-effective approach differentiate to measurements and
a more robust approach differentiate to multi-zone airflow network models. In principle, the
CFD model divides the interior space into several cells. For individual cell, the conservation of
mass is fulfilled such that the amount of mass flowing into or out of the cell from the flow of all
its nearest is balanced to zero. Similarly, the movement of momentum from the flow into or out
of the cell must be well-balanced in each orientation with friction, gravity, viscous shear and the
transport of energy through turbulent eddies. In the case of transitional and fully turbulent flows
that usually occur in room circulation, the task is to correctly define the transport of momentum
and energy. The nature of turbulence is complicated and has not yet been completely understood.
The turbulent flow is three-dimensional and inconsistent, with several vortices (turbulent eddies)
that increase mixing in the flow field. Mixing eliminates velocity gradients and dissipates the
kinetic energy of the fluid stream. The dissipation is irreversible and the kinetic energy is
modified into the internal fluid energy. In order to investigate the effect of turbulent
incorporating on thermal comfort and indoor air quality, partial differential equations governing

turbulent flow must be resolved.
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The research applied the method CFD to analyze an air-conditioned station building's
indoor thermal atmosphere in three conditions of air-conditioning layout schemes. The effects
of design parameters including air temperature, velocity, altitude and incidence angle of air
conditioning have also been studied (Li et al., 2009). When the side supply scheme was
implemented, the uniformity of the speed and temperature distributions in the occupied waiting
area is presentable. The change of air supply temperature, speed, and altitude and incidence
angle will have a big consequence on the thermal environments in the building of the railway

station. For the laminated air-conditioning plan inside building of the railway station.

14
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Figure 2.2: Simulation outcomes of waiting hall at the height of 1.5 m above floor (Li et al.,

2009).

A case study classroom was chosen by the University of Perugia and a field experimental
campaign was conducted to test the necessary parameters to regulate thermal comfort, create
data information in the CFD code and prove the simulation model. According to Buratti,

Palladino and Moretti (2017), the results show that in the absence of a direct solar radiation,
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thermal sensation is uniform while in the afternoon there is a significant influence of direct solar
radiation. At 15:00, due to direct solar radiation, the thermal sensation in the following region
to the transparent surface appears to be warm while the warm thermal sensation was discovered
at6 p.m.

This writing paper discusses the current thermal comfort environments in the air-
conditioned lecture theater, operating objective analysis, CFD designing and intuitive evaluation
(Cheong et al., 2003). Temperatures measured by air were found to be within the thermal
comfort level, with relative humidity and temperature situated at the maximum of the limits.
The temperature was measured. The predicted results showed strong airflow properties and
temperature gradients distribution, which were fairly consistent with empirical measurements.
The findings of a simulation showed that the airflow movement and temperature gradients had
been relatively uniformly distributed. The effects observed and expected were fairly correlated.
But most of the expected values for air velocity and air temperature are overestimated.

Ning et al., (2016) used the CFD approach in five environments where its air outlet
supply was located at five different heights. Outcome suggest the lower air outlet is better for
both the energy efficiency and the elimination of exhaust at the respiratory zone, and that the
lower air outlet at the point where the supply outlet is located at a higher magnitude is extracted
from the zone near the sleeper's mouth. Different room configurations or output heights result
in different flow manners in the room that have produced different temperature, velocity and
concentration distributions indirectly. Result Mean Age of Air (MAA) diffusion within the

simulated investigational bedroom, at the five settings is showed in Figure 2.3.
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Figure 2.3: Mean Age of Air (MAA) distributions within virtual experimental space, in five

locations. (Ning et al., 2016)

Stamou and Katsiris studied calculations show that the key quality attributes of the flow
and the layered form of temperature areas are satisfactorily predicted by all the tested turbulent
models. Both such templates can also be used in practice. K—o-based SST model calculations
display better compatibility with steps and the most extreme laminar model. In addition, with
the correct grid the use of the SST k —o model is proposed. The result showed in Figure 2.4 that

17
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the experimental results of the insulation material PASB work effectively to keep temperatures
below 3°C in the model rooms; the CFD simulation test in the lecture room showed results that
the energy consumption of the lecture room used to cool down by 10% i.e. by 2.7°C(10.5 %)

was effectively reduced (Muhieldeen et. al, 2015)
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Figure 2.4: Compared between physical measurement and CFD performance with and without

insulation (Muhieldeen, Adam and Salman, 2015)

By according to Venkiteswaran et. al, (2017) studies, one way is to reduce the cooling
load in houses, because there are possibilities in them. The goal of this research is to review

existing methods to reduce cooling loads and to differentiate and suggest the most appropriate
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approach for Malaysian environments. The results showed that, by applying all three techniques
together, the most emissive glaciation is generated (0.98°Cand 75.2 kWh). The isolation is
accompanied by the wall (0.81°C and 51.2kWh) with the low emissivity glazing (0.36°C and

33.6 kWh) and the white painted roof (0.11°C and 12.8 kWh).

Method Monthly Money Saving (RM) Cost of Implementation (RM) ~ Return on Investment (ROI)
(months)

Wall Insulation 2606 636.6 25

White-painted Roof 6.1 380 58

Low-¢ Glazing 171 4288 25

All methods R 1840.6 38

Figure 2.5: Cost Accomplishment and Return on Investment Monthly (Venkiteswaran, Liman

and Alkaff, 2017)

Based on the simulation of CFD, the problems of thermal comfort and uncertainty
regarding the measurement of the cooling load remain two major arguments for the Stratified
Air Distribution (STRAD) system. These two problems for STRAD systems used in a large
lecture theater were discussed. The lesser the return air temperature, the larger the intake
temperature of air. At the other hand, the higher the exhaust temperature, the lesser the load of
the coil. In general, the vertical system STRAD has a lower coil load than the well-mixed system
as it is larger, because it shows that by separating back and exhaust grids it allows for the direct

removal of some heat from the exhaust air, such as heat convection. (Cheng, Niu and Gao, 2012),
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Figure 2.6: Velocity vectors and temperature diffusion inside the upper boundary of the

occupied region (Cheng et. al, 2012).

The review of this study is to differentiate the comfort surroundings both in premises for
the current approach on university buildings and in building layout configurations on campus
(YYasa, 2017). Microclimate involves of various parameters, including air purity, air quantity and
composition of air chemistry, indoor temperature, relative humidity, air speed and the
temperature of the surrounding area. The effect on human feeling, physical health, work
productivity and well-being is immense for all components of the microclimate. CFD
Simulation results show that these values are inconvenient in areas above a height of 5.00 m,
especially in regions above the construction level when assessing the Baufort Comfort Scale.
Thus, in classroom comfort conditions, the atmosphere of the new campus and classroom hit
unpleasant values.

In order to analyze and differentiate the Clean Air Delivery Rate (CADR)s of room air

purified and ventilation systems for removal of partial substances from indoor air, physical
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measurements and CFD simulations were organized (Noh and Yook, 2016). When the direction
of dispense and suction was the same, the effective air cleaning ratio (EACR) was relatively
higher. Since the air mixing manners and the filtering efficiency of the room air cleaner were
better, the air cleaner CADR was larger than that of the air ventilation system. The CADR / kW
of the room air purifier was higher than that of the air flow at the same air flow ratio as the
ventilation system. In order to discover the correct ventilation standard and filter level, the
advice in this study is to test both mass balance and fan power equations to minimize both fan
energy consumption and particulate accumulation at home.

Previous study from Lin et. al, (2014), the distribution of indoor air flows is important
because they affect occupants' productivity. The delivery of poor air quality not only has issues
for occupants, it also has an impact on their ability to perform activities. The air flow in the
regular UTeM lecture room is not consistent with the present configuration of the air
conditioning systems in the house. The positioning of the air conditioning units in the lecture
rooms has also been recognized to influence distribution of air flow throughout the room, which
then affects the occupant's thermal comfort. The comparable tests for the LR1 of physical
calculation and CFD simulation show an air-speed 16.7% and a temperature difference of 1.4%.
The LR2 results show a percentage difference between air speed of 20% and temperature of
14.22%. Recommendation of air-conditioning arrangement was conducted to improvise the

airflow pattern inside room.

21



(a) (b)

Figure 2.7: Original arrangement of the split units (a) and new adjustment of the split units (b)

with the velocity air flow streamline. (Lin et. al, 2014)

On the other hand, Stamou et. al, (2008) conducted a CFD Simulation An indoor thermal
comfort conditions in the Galatsi Arena in Athens, hosted by rhythmic gymnastics and table
tennis sports during the Olympics ' ' Athens 2004'," were analyzed using a CFD model. The 3D
airflow together with temperature fields in an arena were measured using the CFD code CFX
for the different temperature (T;,) values of the air intake. Calculated PMV and PPD values
show that T;,,= 16°C are very good in thermal conditions in an arena. Only mildly unpleasant is
expected for a minor percentage of less than 7% of spectators. Humidity has not been quantified
as humans are absolutely resistant to humidity levels over a large humidity spectrum—for air-
conditioned settings at temperatures normally. Furthermore, the humidity shift comfort effect

can be counterbalanced by a small air temperature adjustment.
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Figure 2.8: CFD Simulation result of Flow speed at the level yz and (a) x = 10.0 m and (b) x =

30.0 m for T;,,= 16°C (Stamou et. al, 2008)

Based on Song et.al (2015), many school buildings in China, in contrast to commercial
buildings, have been designed to provide thermal comfort without natural or mechanical
ventilation HVAC Systems. Leading to so many students who have classes concurrently, the
thermal conditions in classrooms are so bad in hot weather that they have an effect on the
learning of their students. It is therefore necessary to evaluate the ventilation conditions of
school buildings and to find effective ways to upgrade the ventilation of school buildings. The
simulation results and method of research could accommodate the beginning for refinement and
guide for installation of fans in new schools and similar natural ventilation architecture.
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Another simulation work carried out by Noh, Jang and Oh (2007), the predicted mean
vote value (PMV) and the CO2 concentration were estimated and correlated with the numerical
results. Both of them expressed a good arrangement, and then, for several different operating
conditions, we used the numerical model to evaluate Thermal Comfort (TC) and Indoor Air
Quality (IAQ). Increasing the discharge angle of the air conditioner 4-way tape makes TC more
uniform, but never affects the IAQ. The variability of the discharge airflow did not affect TC
and 1AQ. In conclusion, TC was only influenced by the increase of the ventilation rate, but the
mean CO2 concentration can be reached by the Japanese requirements at ventilation levels
above 800m3/h. If a 4-way air conditioner is mounted in the lecture room at a height below
2.5m, the dispense angle should be controlled below 301. In addition, energy quality can be

enhanced by adequate airflow rate controls, as this change has very few effects on TC and IAQ.
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Figure 2.9: Result simulation of (Noh, Jang and Oh, 2007) studies
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CFD simulation result from the researcher Tuan and Huang was showed in Figure 2.10.
The typical air conditioning system is difficult to fulfill the thermal comfort needs of both
occupants and energy-saving objectives. This is because the air conditioning flow was
commonly distributed to satisfy the thermal comfort requirements, for example the expected
mean voting index, without taking into account the needs of the occupants above and beyond
the specified temperature and fan speed. The distribution of air temperature and speed in the
room symmetric plane shows the distribution of air flow. The figures show that the RACM will
establish a circulation section within the occupied section as the cool air velocity reacts as inertia
and negative outlet pressure. The outcome of the air temperature distribution shown in Figure

2.10.
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Figure 2.10 : Temperature of air distribution in the room with the RACM installation group

(Tuan and Huang, 2011)
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CHAPTER 3

METHODOLOGY

3.0 Introduction

This chapter illustrates the methods applied in this research to obtain analysis data that
affect the physical conditions of the full occupant within the lecture theater and the different
velocity of the centralized air conditioning system applying CFD. In view of advances in
computational appliance and accessible numerical methods, CFD is a most dominant
mechanism for predicting fluid motion in a range of areas, enabling actual configuration. CFD
is a revolutionary mechanism of evaluating indoor airflow activity including temperature and
velocity magnitude of centralized and split-type air-conditioning. While designing a lecture
theatre, the temperature and pace of the air-conditioned range are very significant. This is to
ensure that the corresponding indoor airflow distribution of thermal comfort inside the lecture
theatre is controlled under optimum requirements as possible.

This segment discusses how the methodology is used to establish indoor airflow and
environment configuration which have the optimal performance for occupants by using CFD.
ANSYS CFD Fluent simulation in is conducted three-dimensional (3D) sketch of the lecture
theatre with a fixed air-conditioning system configuration and constant temperature of the

occupant, which is 36.9°C. Results obtained from the analysis specifically on velocity and
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temperature distribution is used to determine which indoor airflow distribution and environment
that have better performance.

This section shows that ANSYS CFD Fluent Simulation is accomplished in a 2D
dimension drawing on the area and height of the lecture hall and a constant airspeed by using
CFD to determine the optimizable performance inside it. The results of analysis such as the
distribution of velocity and pressure and variance in temperature are utilized to evaluate airflow
distribution with better performance. There is a variable capacity load number applied inside
lecture theatre.

Predominantly, in the CFD simulation, the necessary phases in achieving analysis involve:
1) Draw or import arrangement of geometry

2) Initiate and implement the generation of mesh sizing

3) Prepare the boundary conditions

4) Implement the solver

5) Prototype validation and authentication

6) Conceptualize the outcome in a post-processor control

By referring Table 3.1, the flowchart of the methodology includes all the step from
starting until documentation final report writing. The step measuring area selection of the lecture
theatre should be measure with correct measurement to design the exact design. The process of
measuring the area of lecture theatre should be includes the calculation of all the furniture

(chairs, stage and stairs inside lecture theatre).
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(ANSYS Fluent CFD software)
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(ANSYS Meshing)
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Documentation
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Figure 3.1: Flowchart of Methodology
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3.1 Geometric Configurations

After the process of measurement area selection and gathering data of Lecture theatre at
PPS UTeM, Geometry configuration is conducted by using CFD. Geometry was developed
using software specific to the creation and preparation of simulation geometry, designed by
ANSYS Design Modeler. The design and first stage of the simulation process is a major element
of product production. Such models can be geometry forms that reflect actual design details, or
they can be design approximations with simplified components. ANSY'S Design Modeler offers
unique simulation modelling functionality, including the creation of parametric geometry,
concept model creation, geometry modification of the CAD, automated cleaning & repair, and
a number of tools customized to flow, structure and other analysis types. The lecture theatre
must first obtain information before forming the model. This data consists of collecting data on

the height, floor plan and so forth.

Table 3.1: Geometry information

Height of lecture hall 2.78m
Length of lecture theatre 20.87m
Width of lecture theatre 8.73m
Number of split unit air-conditioned 8 units
Number of diffuser of centralized air-conditioned 18 units
Number of chairs / Number of full occupancy 130 units/students
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Figure 3.2: Lecture theatre in isometric 3D view
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Figure 3.3: Lecture theatre in top view with the dimension of

20.87m (length) x 2.78m (height) x 8.73m (width).
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Figure 3.4 (a) & (b): Lecture hall including Zonal Division with 30 Zones.

A number of 30 zones for airflow and temperature between lecture halls have been
developed. Airflow and temperature distribution within single rooms were developed to measure
the zonal division. These 30 zones are divided by using zone code Al until F5. Front line, which
is the first row line represents zone A1, A2, A3, A4 and A5. The distance between left and right
side is 1.455m apart, while the distance between front and back is 3m apart. The zone division
is positioned as Figure 3.4 (a) and Figure 3.4 (b) to simplify measuring the data collection of
velocity and temperature indoor airflow. The data collection is measured by using anemometer

and simulated by using CFD Simulation.
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Figure 3.6: Lecture hall in side view
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3.2  Mesh Generation

Meshing is a comprehensive element of the simulation process in which complicated
geometric elements are split into straightforward elements which can be used as a discrete local
approach to a wider domain. The mesh affects simulation precision, convergence and speed.
Because meshing usually takes a large part of the time it will take to achieve simulation results,
the better and more efficient the meshing methods will make the solution smoother and more
accurate. Meshing is a mechanism that separates the structure into thousands of cells. The sub-
domain is renamed. All subdivisions are non-overlapping. This is because in the nodes within
each cell the problem resolution is established. The grid will influence the findings' reliability.
Meshing is the most important aspect of CFD simulations, as meshing reliability influences the
effects of computations. Smoother the grid ensures that the measurement is more reliable. The
meshing style is named as 'AUTO." It means that all parts inside the lecture hall have the same
form of mesh. The following mesh settings are to be set. Smoothing of the grid cell is this setting

feature. Smoother grid cell can achieve better results but needs a greater capacity for computer

processing.
Outline
Filter: pame - 2= # ]
Project

E- @ Model (D3)
- @ Geometry
[ .4 Coordinate Systems

/M Mesh

5 G Named Selections

------- A0 occupants
------- A centralized-inlet

....... AT outlet
e S spit-inlet

Figure 3.7: Named selections for the geometry of lecture theatre in ANSYS Meshing
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Figure 3.8: Mesh generation for lecture theatre in isometric view using tetrahedral cells.

ANSYS

R16.0

Academic

10.000 (m)

I ..

Figure 3.9: Mesh generation for lecture theatre in top view.
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Details of "Mesh” a
-|| Display
Display Style Body Color
-I| Defaults
Physics Preference | CFD
Solver Preference | Fluent
Relevance 0
-l Sizing
Use Advanced Siz.., On: Curvature
Relevance Center |Fine
Initial Size Seed Active Assembly
Smoothing High
Transition Fast
Span Angle Center| Fine
Curvature MNor...| Default (18.0 %)

Min Size Default (3.2274e-003 m)
Max Face Size | Default (0.332740 m)
Max Size Default (0.665480 m)

Growth Rate Default (1.850 )
Minimum Edge L...| 3.e-002 m

Figure 3.10: Settings for meshing sizing

In order to simplify the work later in ANSYS FLUENT the named selection for outlet,
split-inlet, centralized inlet and occupants should be marked on geometry boundary. Select the
body to be renamed and write the name of the selection. From Figure 3.11 till 3.13 show the

named selection that have been chosen.
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Figure 3.11: 18 units of diffuser inside lecture theatre.
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Figure 3.12: 8 units of split air-conditioning unit inside lecture theatre.
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Figure 3.13: 4 units of airflow outlet inside lecture theatre.

Table 3.2: Statistic of mesh generation.

Statistics

Nodes 15731

Elements 67677

Mesh Metrics

Skewness Aspect Ratio Orthogonal Quality
Min 4.2937e — 004 1.1747 6.0651e — 002
Max 0.99276 34.795 0.99021
Average 0.2567 2.5632 0.7658
Standard deviation 0.21987 2.0368 0.18054
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3.3  Boundary Conditions and Solver Settings
Under the ANSYS Workbench's Fluent, which is the thermal transfer and fluent fluid

turbulence, the method of analysis is selected 'Steady State.'

Table 3.3: Setup for Domain

Type Pressure-based
Velocity information Absolute
Time Steady

Table 3.4: Setting for Viscous Model under Domain Setup

Energy ON
Viscous model k-epsilon (2 equation)
k—e Model Standard
Near Wall Treatment Standard wall functions

Turn the 'Energy' template ON and the viscous setting to ‘standard k — &' is adjusted.
The implementable k—1 turbulence model can contribute to a peak point of performance for
rotational flows. For numerical computation close to the wall, the 'STANDARD WALL

FUNCTION' evades problems with incremental optimization of fixed wall function meshes.

39



After solver configuration, determine the type of fluid used. Under the 'Cell Zone

Requirements’. Materials is auto setup as ‘Aluminum' and 'Air ' are allocated.

Table 3.5: Setup for Boundary Conditions.

Zone Name
Centralized air conditioning system Centralized-inlet
Lecture theatre Interior-solid
Occupant inside lecture theatre occupants
Outlet of the airflow outlet
Split Air Conditioner System Split-inlet
Wall of the Lecture Theatre Wall-solid

Standard conditions are the boundary conditions used in this study. No penetration and
no-slip for all solid walls are set to momentum boundary state. The boundaries for the
simulations are based on Table 3.6 as mentioned in experimental setup. As described in the
experimental physical measurements sections, the volumetric flow rate of the split unit inlet was

1.42 m/s and flow rate for centralized unit inlet was 0.19m/s.
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Table 3.6: Setup for Boundary Conditions

Zone Name Adjacent Cell Zone Value
Centralized-inlet Velocity-inlet
Velocity magnitude 0.19m/s
Temperature 20.3°C
Occupants Wall
Temperature 36.9°C
Outlet Pressure-outlet
Flow Rate Weighting 1
Split-unit Velocity-inlet
Velocity magnitude 1.42m/s
Temperature 19.7°C
Wall-solid Wall Stationary Wall

ANSYS is an extensive purpose finite element analysis (FEA) software package. The
formula of a finite volume with a simple algorithm is the answer for the governing equations.
The software executes equations that govern the behavior of these elements and resolves them

all by referring to Table 3.7. The 'Second Order Upwind' was selected for this study, which is
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extremely effective for momentum, strength, turbulence and its dissipation rate. The second
order is more complex to converge, but more reliable than the first order. These findings may
be viewed in tabulated or graphic form. Before that, the number of iterations is schedule with a
wide order of values from 0 to 2000 such that the outcome will effectively avoid shifting

between iterations.

Table 3.7: Setup in Solution methods

Pressure-velocity coupling

SIMPLE

Spatial Discrezation

Gradient Least Squares Cell Based
Pressure Standard
Momentum Second order upwind
Turbulent kinetic energy Second order upwind
Turbulent dissipation rate Second order upwind

3.4 Result Analysis
A helpful method for the design, operation and study of ventilation systems has been
developed with simulation. Numerical projections can also replace the expensive test

measurements in certain cases. It is therefore very important to perform correct CFD
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simulations. CFD simulations may be performed dependent on various variables, such as proper
mesh, models, limits and numerical procedures. When the solution converges, the results will
be analyzed, which is the processing stage. Computational modeling can also predict the
distribution of temperature and heat flow. Result research on different velocity magnitude of
Centralized air-conditioning system in lecture hall will be analyzed. Based on the lecture hall
physical measurement analysis solutions will be proposed. CFD simulations with the various
presence of human load inside lecture theatre have been explored. The plan is designed to be
run once the solution has been initialized. That section needs to assess and be related to the

theoretical conditions in terms of pressure and velocity.
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CHAPTER 4

RESULT AND DISCUSSION

4.1  Validation and Verification

After completion of the simulation for all designs, the results of the CFD simulations of
the temperature and velocity arrangement of the indoor airflow and the environment within the
lecture theater were presented. Airflow distribution inside the lecture theater is studied with and
without occupants, validated and verified on the basis of Kai Xuan studies. As the main indoor
airflow, temperature and air-conditioning velocity play a crucial contribution in the transfer of
heat. Air flow distribution is resolved by an analysis of the thermal comfort performance of the
occupants within the lecture theatre. In addition, temperature and velocity with a vary selection
value in the direction of airflow can govern the distribution of pressure, temperature, and

velocity within lecture theatre.

4.1.1 Velocity Comparison

Table 4.1 shows the result on velocity from the simulation which compared to te
Experimental data by Kai Xuan. The average measurement temperature of lecture hall without
occupants is 20.2 °C. At point E4, a maximum temperature value of 20.9 °C is found, while at

point A4, the minimum temperature is19.8 °C. The calculated and simulated temperature value
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can be observed from all the measurement points. The highest error percentage is 4.7% at point

E4, while the average error percentage is 1.5%.

Table 4.1: Result comparison of the velocity.

Zone Physical Kai Xuan Current Percentage Error between
Measurement | Simulation | Simulation Kai Xuan & Current
(m/s) (m/s) (m/s) Simulation, (m/s)
Al 0.08 0.07 0.10 0.05
A2 0.08 0.04 0.20 0.03
A3 0.23 0.03 0.20 0.04
A4 0.09 0.06 0.10 0.05
A5 0.17 0.18 0.24 0.14
Bl 0.13 0.11 0.27 0.18
B2 0.14 0.03 0.25 0.19
B3 0.18 0.22 0.21 0.18
B4 0.17 0.28 0.25 0.02
B5 0.11 0.24 0.30 0.16
C1 0.10 0.17 0.10 0.11
C2 0.15 0.09 0.13 0.08
C3 0.25 0.31 0.22 0.19
C4 0.07 0.15 0.19 0.13
C5 0.15 0.11 0.11 0.13
D1 0.12 0.15 0.11 0.10
D2 0.16 0.11 0.10 0.13
D3 0.19 0.29 0.11 0.22
D4 0.14 0.10 0.13 0.11
D5 0.14 0.15 0.13 0.10
El 0.07 0.11 0.18 0.28
E2 0.18 0.15 0.19 0.26
E3 0.19 0.25 0.19 0.23
E4 0.21 0.30 0.22 0.18
E5 0.17 0.30 0.16 0.28
F1 0.04 0.07 0.06 0.10
F2 0.16 0.29 0.33 0.27
F3 0.16 0.31 0.18 0.19
F4 0.23 0.30 0.55 0.24
F5 0.09 0.30 0.15 0.23
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Figure 4.1: Comparison of Verification and Validation of Velocity without Occupant

Figure 4.1 displays the graph of comparison between physical measurements and
simulated value of air temperature. The velocity variation of measured value is much bigger
than the simulated value. Results show the simulated distribution of temperature in the cross-
sectional view of the lecture hall, ranging from 0.04 m/s to 0.55m/s. The thermal comfort of
people in space is often influenced by air levels indoors. The higher the airflow velocity, the
greater the heat exchange in space and in the surrounding air. For certain situations it may be

better to have higher air velocity, for example, if a fan is on during hot weather, the body may

lose heat to its surroundings.
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Zone Aincluding Al, A2, A3, A4 and A5 is the velocity rate compared to the other zone.
The highest range of velocity of air is at zone F4. The zone at row 1 which plotted in Figure
4.2(a) until Figure 4.2 (f) is A1, B1, C1, D1, E1 and F1 is at the lowest velocity because it near
to the split unit air-conditioning unit and it is the walkway for the occupant in front to back to
the doors. The audience seats are located in the middle of the lecture theatre. Zero occupant

inside the lecture theatre is validated from Kai Xuan studies.

4.1.2 Comparison Temperature Variation
The average measured temperature of lecture hall without occupants is 20.2 °C. At point
E4, a maximum value of 20.9 °C is found, while at point A4, the minimum temperature is

19.8 °C.
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Table 4.2: Result Comparison of Temperature (°C) (Without Occupant)

Zone Physical Kai Xuan Current Percentage Error between Kai
Measurement | Simulation | Simulation Xuan & Current Simulation

(°Q) (°0) (°Q) (0
Al 20.7 20.08 20.05 0.1
A2 20 20.11 20.15 0.2
A3 20.1 20.1 20.15 0.2
A4 19.8 20.09 20.15 0.3
A5 19.9 20.13 20.05 0.4
Bl 20.2 19.96 20.05 0.5
B2 20 19.95 20.15 1.0
B3 19.9 19.96 20.05 0.5
B4 19.9 20.04 19.95 0.4
B5 19.9 20 20.05 0.3
C1l 20 20.2 20.05 0.7
C2 20.2 20 20.05 0.3
C3 20 20 20.05 0.3
C4 20 20 20.15 0.7
C5 19.9 19.9 19.95 0.3
D1 19.9 19.92 20.05 07
D2 20 19.92 20.15 1.2
D3 20.1 19.9 19.95 0.3
D4 20.5 19.99 20.05 0.3
D5 20 19.92 20.05 0.7
El 20 19.92 19.95 0.2
E2 20.2 19.9 19.95 0.3
E3 20.4 19.9 19.95 0.3
E4 20.9 19.91 19.95 0.2
E5 20.3 19.92 19.95 0.2
F1 20.4 19.84 19.85 0.1
F2 20.5 19.84 19.95 0.6
F3 20.7 19.88 19.95 0.4
F4 20.8 19.91 20.05 0.7
F5 20.8 19.94 20.15 1.1
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Figure 4.3: Comparison of Verification and Validation of Temperature without Occupant

The calculated and simulated temperature value can be observed from all the
measurement points. For simulation between current and Kai Xuan, the highest error percentage
is 1.1% at point E4, while the lowest error percentage is 0.1%. It shows good agreement by
using CFD Simulation for indoor airflow simulation inside lecture theatre to improvise the
effective location to create a better environment. The humans or occupants inside the lecture
theatre do have an effect on air temperature and operation. The mean temperature also influences
the health of occupants inside lecture hall; the mean radiant temperature is the radiation from
windows and walls into the hall, which is balanced against the radiation emitted by the human
body. The aspect that influences air temperature is relative humidity; the relative humidity
reflects the volume of water vapor concentration in the air. Temperature at Zone A2 until Zone

D3 is showed to be good contact with the measured value and Kai Xuan simulation.
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4.2 Analysis on CFD Simulation on Average Temperature, Velocity and Pressure
Distribution
As follow the Malaysia Standard MS1525 2019, there is a variety number of velocity

magnitude which is:

Recommended air-movement 0.15m/s to 0.5m/s
Maximum air-movement 0.70m/s
Recommended design dry-bulb temperature 24°C to 26°C
Minimum dry-bulb temperature 23°C

The simulation was setup as velocity of with three different range, v = 0.5 m/s, 0.3 m/
5,0.15m/s and constant temperature of 24°C is used in all unit centralized air-conditioned
system. The split unit air-conditioning was used in same setup with physical measurement v =
1.42 m/s at temperature 19.7°C. Each velocity is designed with distinctive capabilities to
provide good thermal comfort performance during operation. The analysis can be executed by
performing ANSYS CFD Fluent simulation in three-dimensional (3D) sketching on a lecture
theater with a fixed air-conditioning and a constant temperature of 37 ° C for each occupant.
Besides that, an intense body temperature of healthy human being is maintained at 37°C . A
body will feel comfortable in thermal environments in which it can dissipate this waste heat
comfortably. The solution of airflow equations of this three range is converged after
approximately 281 iterations forv = 0.5 m/s, 554 iterations for v = 0.3 m/s and 218 iterations

for v = 0.15 m/s when the maximum residual value based on Figure 4.3 (a), (b) and (c).
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conditioned, v = (a) 0.5 m/s, (b)0.3m/s,(c)0.15m/s

Table 4.4 show the simulation by applying it to predict indoor airflow in different setup
of velocity magnitude. The average temperature, pressure and velocity of different velocity
centralized air-conditioning system is tabulated as shown in Table 4.3. The good agreement is
acceptable in this case given the relatively low speed. The simulated distributions of temperature
are very well suited to the temperature simulated and to the ambient air temperature. The data
simulation of temperature and air velocity distribution inside lecture hall are stated in Figure
4.8, 4.9, and 4.10 (velocity variation), Figure 4.12, 4.13, and 4.14 (temperature variation) and

Figure 4.15, 4.16 and 4.17 (pressure variation).
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Table 4.3: Average temperature, Pressure and Velocity

V =05m/s V=03m/s V =0.15m/s

Temperature (°C) 23.22 22.83 22.41
Pressure (Pa) 6.638e — 02 6.782e — 02 6.6642 — 02
Velocity (m/s) 0.1896 0.1762 0.1654

Furthermore, the average airflow rate measured in the lecture hall at 3 different setup
areVy sm/s = 0.1896 m/s, Vyszm/s = 0.1762m/s and V;5m/s = 0.1654 m/s which is
decreasing manner. The average temperature distribution inside lecture theatre is showed with
fully occupied with students. The average temperature distribution inside the lecture theatre also

decreasingT spm/s = 23.22°C, Ty 3m/s = 22.83°C andT 15m/s = 22.41°C.

4.3.1 Analysis on CFD Simulation of Velocity Variations

Analysis has been carried out inside lecture theatre according to the CFD method to
obtain the air velocity and air temperature. Influenced simulation modeling by the standard
methods that define the geometry of the lecture hall, meshing, fluid characteristics, boundary
conditions, solver setting, solution methods and results obtained from the CFD post. In order to
determine the distribution of airflow, it is also important to carry out numerical simulations of
different velocity levels of the central air-conditioning system. Additional simulations were
performed at 24°C, according to the Malaysia Standard, for the specific centralized unit
temperature values. The simulated airflow speed results are shown in Table 4. The chart shows

the calculated and simulated airflow rate value. Simulation values of different velocity setup
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show a similar diagram pattern at different points in the hall and significant fluctuations in the
speed of airflow. The highest velocity of measured value is 0.69 m/s at F5 which is the hidden
zone that do not have movement and presence of occupant. Lowest velocity is observed at point
A2 with the value 0f0.03 m/s. Small difference is observed between velocity setup inside
lecture theatre as follow as Malaysia Standard MS1525:2019.

The average velocity of these three setups indicated decreasing manner withV ¢, /s =
0.19m/s V 3ms = 0.18 m/s andV 5., /s = 0.17 m/s. The predicted model by the analytical
expressions has good agreement with Malaysia Standard MS1525:2019. The velocity in Zone
A represents the lowest range among the other zone because the stage is located in front and
there is no presence of occupant at in front similar to the earlier design of lecture theatre. Lecture
theatre is simulated with fully occupied with the students and the student is located from zone

B1 until zone E5. Zone A and Zone F is location for the path line of the occupant movement.

ANSYS

Temperature R16.0
Volume Rendering 1

H 3.690e+001

- 3.260e+001

‘ 2.830e+001

2.400e+001

Academic

1.970e+001
[C]
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]

Figure 4.5: Zone B until Zone E is located in the middle of the lecture theatre.
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According to Figure 4.5, lecture theatre is simulated with fully occupied with the
students and the student is located from zone B1 until zone E5. Zone A and Zone F is location

for the path line of the occupant movement.

Table 4.4: Velocity airflow for different measurement at different zone

Zone V =0.5m/s V =0.3m/s V =0.15m/s
Al 0.07 0.05 0.06
A2 0.05 0.04 0.03
A3 0.06 0.05 0.04
A4 0.09 0.06 0.06
A5 0.15 0.15 0.14
Bl 0.19 0.18 0.18
B2 0.25 0.20 0.19
B3 0.16 0.17 0.18
B4 0.28 0.25 0.22
B5 0.15 0.16 0.16
C1 0.12 0.11 0.11
C2 0.07 0.07 0.08
C3 0.16 0.18 0.19
C4 0.15 0.11 0.14
C5 0.18 0.14 0.13
D1 0.11 0.10 0.10
D2 0.18 0.14 0.13
D3 0.18 0.21 0.23
D4 0.19 0.14 0.11
D5 0.14 0.12 0.11
El 0.27 0.27 0.27
E2 0.24 0.24 0.25
E3 0.20 0.21 0.21
E4 0.22 0.21 0.19
(=) 0.36 0.31 0.26
F1 0.28 0.27 0.27
F2 0.33 0.28 0.26
F3 0.20 0.20 0.20
F4 0.36 0.28 0.23
F5 0.32 0.69 0.23
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Zone D, (e) Zone E until (f) Zone F

Figure 4.6 shows the comparisons of velocity distribution inside lecture theatre versus
at three different velocity setup of centralized air-conditioning system. Figure 4.7 (a) until (f)
shows the comparison velocity between Zone A until Zone F. The temperature of the split unit
air-conditioning is set as constant which is 19.7°C and velocity at v = 1.42 m/s. It can be seen
that the velocity distribution obtained by CFD model look like similar to the velocity setup from
0.15m/s to 0.5m/s. Setup for average velocity magnitude for all velocity setup is resulting similar
to the Malaysia Standard MS 1525:2019 which are in the range of (v = 0.15m/s — 0.50m/s).
Figure 4.7 (a) represent the velocity at Zone A is the lowest range while Figure 4.7(f) represents

the highest range of velocity compared to other zone.
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Figure 4.8: Velocity Variations on Airflow Distribution at v = 0.5m/s

ANSYS

R16.0

Academic

0 4500 9.000 (m) Z/L‘ X

2.250 6.750

Figure 4.9: Velocity Variations on Airflow Distribution at v = 0.3m/s
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Figure 4.10: Velocity Variations on Airflow Distribution at v = 0.15 m/s

Figure 4.8 till 4.10 shows the velocity distribution inside lecture theatre. Velocity
magnitude important is the speed with which the supply air passes downwards. The air first
flows down and then passes towards the airflow outlets. Results for indoor occupants in a better
environment. However, the function of ventilation is not only to dilute, but also to efficiently

extract pollutants from the lecture theater.

4.3.2 Analysis on CFD Simulation of Temperature Variations

It is assumed from this temperature contour that the revolving way within the lecture
theatre increases the local mixing and turbulent pressure. The blue color of the split unit air-
conditioning device at the inlet shows the lowest temperature level. It gives good thermal

comfort and pleasant environment to the all occupant or students inside the lecture theatre.
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Figure 4.11: Temperature Variations on Airflow Distribution at v = 0.5m/s
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Figure 4.12: Temperature Variations on Airflow Distribution at v = 0.3m/s
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Figure 4.13: Temperature Variations on Airflow Distribution at v = 0.15m/s

Table 4.5 shows the indoor airflow distribution of the temperature profile of at 30
divisional zone with different number of velocity setup. The indoor airflow simulation of
centralized air-conditioning system with v = 0.5 m/s, 24°C and split unit air conditioning at
v = 1.42m/s,19.7°C is modeled considering the reference geometry. The average temperature
distribution inside lecture theatre isTqsp s = 23.22°C, To3m s = 22.83°C andTy 15m/s =
22.41°C. The average temperature is slightly different with MS1525:2019. The trend of the line
graph in Figure 4.11 shows the decreasing manner from zone D until zone F. Besides that,
temperature at Zone F indicates the lowest range temperature compared to other zone because
the arrangement of the occupant sitting on the chairs is not on this zone. Zone A indicates the
similar higher range for all velocity designated because the zones is slightly far from air-

conditioning.
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Table 4.5: Temperature distribution with different velocity of current simulation at different

Zones
Zone V=05m/s V=03m/s |V =0.15m/s
Al 23.85 23.35 22.65
A2 23.85 23.35 22.75
A3 23.65 23.35 22.55
Ad 23.65 23.45 22.75
A5 23.25 22.95 22.45
Bl 23.55 23.35 22.25
B2 24.05 23.95 23.65
B3 23.55 23.45 22.95
B4 23.85 23.55 23.05
B5 23.55 22.95 22.35
C1 23.65 23.25 22.75
C2 23.65 23.35 22.95
C3 23.35 22.95 22.65
C4 23.25 22.75 22.05
C5 23.15 22.75 22.25
D1 23.25 22.85 22.55
D2 24.15 23.75 23.45
D3 23.15 22.75 22.45
D4 23.75 23.45 23.15
D5 23.05 22.65 22.35
El 22.65 22.35 21.85
E2 22.95 22.55 22.15
E3 22.95 22.55 22.05
E4 22.75 22.45 22.05
E5 22.75 22.15 21.85
F1 22.45 21.35 21.15
F2 21.45 22.05 21.85
F3 22.25 20.85 21.55
F4 22.65 22.35 22.05
F5 22.45 22.15 21.85
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Figure 4.14: Temperature distribution versus Different velocity setup at different zone.

Variation in the temperature distribution inside lecture theatre versus velocity magnitude
for three different velocity setups at v = 0.15m/s,v = 0.3m/s and v = 0.5m/s as shown in
Figure 4.14. It can be observed that slope of the curves of temperature inside lecture theatre at
different zone from Al until F5 is generally found to decrease with decreasing velocity
magnitude of centralized air-conditioning setup. The decrease in velocity setup was primarily
due to significant resistance of convection and conduction. Temperature at zone D2 and B2 is
the highest compared to another zone F1, F2 and F3. Temperature lower at this Zone F because
of the occupants received slightly quickly from other zone because chair is upper side compared

to stage zone at in front.
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4.3.3 Analysis on CFD Simulation of Pressure Variations

Air pressure implies the weight on the ground and objects of air molecules. Many
challenging variables, such as wind, environment and seasonal changes, often contribute to
pressure changes. Temperature and wind primarily affect building energy. The internal pressure
is caused by devices designed to regulate the indoor environment, air intakes, exhaust fans,

economizers and relief dampers.
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Figure 4.15: Pressure Variations on Airflow Distribution at v = 0.5m/s
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Figure 4.16: Pressure Variations on Airflow Distribution at v = 0.3m/s
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Figure 4.17: Pressure Variations on Airflow Distribution at v = 0.15m/s
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CHAPTER 5

CONCLUSION AND RECOMMENDATION

The investigational analysis as well as the CFD simulation on three different velocity
which is v =0.15m/s,v = 0.3m/s and v =0.5m/s and 24°C for the centralized air-
conditioned is carried out. Based on the analysis, it shows that the velocity and temperature
value can be one of the huge causes in affecting indoor airflow performances and thermal
environment. According to the above study, the indoor thermal quality of the lecture theater has
been shown to be good. Furthermore, the occupants are satisfied with the lecture theater thermal
state. The lecture theatre is well ventilated and air adjustments are limited to the MS1525:2019
prescribed.

The temperature and velocity flow distribution are discussed in detail and proposed
model is compared with Kai Xuan studies. The results indicate that, Ty s,,/,s = 23.22°C,
To3m/s = 22.83°C andT 15m/s = 22.41°C. These three velocities setup provide a good balance
between indoor airflow distribution and environment inside the lecture theatre. The average of

velocity percentage error between experimental result and simulation result only 1.4% it showed

it have a good thermal comfort.
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Besides that, the number of air-conditioned split units could be decreased and the
location restructured so as to reduce the stock and maintenance costs of split air conditioners

while maintaining the like cooling effects.
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