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ABSTRACT

Good ventilation system is important to providesfreair and comfortable
environment for passengers. Lack of fresh air msidous compartment may cause
various illnesses such as headache, asthma, casdidar and lung cancer. Two
factors influence the ventilation system effecteen namely the arrangement of air
supply diffusers and the air return grilles. Thiwedis presents a study on air
contaminants inside a university’s bus passengempeoiment. The goal is to find a
suitable ventilation arrangement that can reduce ¢bncentration of the air
contaminants. First a field measurement was caaugn a selected bus to measure
the air contaminants at the front section, middéetisn and rear section. The
contaminants include carbon monoxide, carbon dmxidormaldehyde and
particulate matter. Then computational fluid dynesrflow analyses were carried out
on simplified model of the bus compartment emplgyrenormalization group k-
model for air flow, species transport for gases disdrete phase for particles. Five
cases of ventilation arrangements were consideaetely displacement ventilation
with two air return grilles, underfloor air distuibon with two air return grilles,
mixing ventilation with four air return grilles, splacement ventilation with four air
return grilles and underfloor air distribution wiibur air return grilles. It was found
from the field measurements that the concentratibrtarbon monoxide, carbon
dioxide, formaldehyde, particulate matter 1, pafttte matter 2.5 and particulate
matter 10 were 7 ppm, 1102 ppm, 0.18 ppm,ufan®, 52 pg/m* and 51pg/m’,
respectively. Results of flow simulations show tkta underfloor air distribution
with four air return grilles is able to reduce tantaminants concentration inside the
passenger compartment. On average, the concensatfacarbon monoxide, carbon
dioxide, formaldehyde, particulate matter 1, paftte matter 2.5 and particulate
matter 10 were reduced by about 40%, 10%, 38%, 33%, and 30%, respectively.
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ABSTRAK

Sistem pengudaraan yang baik adalah penting unéwkbarikan udara segar
dan persekitaran yang selesa kepada penumpang.rafgiamn udara di dalam
ruangan bas akan menyebabkan pelbagai penyakittiseplt kepala, asma, sakit
jantung dan kanser paru-paru. Dua faktor mempehgakaberkesanan sistem
pengudaraan iaitu susun atur sistem bekalan u@aesap dan jeriji udara pulangan.
Tesis ini membentangkan kajian terhadap bahan cemara di dalam ruangan
penumpang bas universiti. Matlamat kajian ini adaletuk mencari susun atur
sistem pengudaraan yang sesuai bagi mengurangkahkdtan bahan cemar udara.
Pertama pengukuran lapangan telah dijalankan padayéng telah dipilih untuk
mengukur bahan cemar pada bahagian depan, bah&gngah dan bahagian
belakang. Bahan cemar ini terdiri daripada karbamaksida, karbon dioksida,
formaldehid dan zarah. Kemudian analisis aliranggemputeraan dinamik bendalir
telah dijalankan pada model ruangan bas dengan gueagan model
renormalization group k- untuk aliran udaraspecies transporuntuk gas dan
discrete phaseuntuk zarah. Lima kes susun atur pengudaraan petgudaraan
anjakan dengan dua jeriji udara pulangan, pengadaudara bawah lantai dengan
dua jeriji udara pulangan, pengudaraan percampdegan empat jeriji udara
pulangan, pengudaraan anjakan dengan empat @aijaypulangan dan pengudaraan
udara bawah lantai dengan empat jeriji udara palantglah dikaji. Didapati
daripada data pengukuran dimana tahap kepekatdmorkamonoksida, karbon
dioksida, formaldehid, zarah 1, zarah 2.5 dan rzdf adalah 7 ppm, 1102 ppm,
0.18 ppm, 52ug/m®, 52 pg/m® dan 51pg/m®, masing-masing. Keputusan simulasi
aliran menunjukkan pengudaraan udara bawah lamagath empat jeriji udara
pulangan mampu mengurangkan tahap kepekatan bamaar ai dalam ruangan
penumpang. Secara purata, tahap kepekatan karbaonksida, karbon dioksida,
formaldehid, zarah 1, zarah 2.5 dan zarah 10 tedémkurang sebanyak 40%, 10%,
38%, 37%, 33% dan 30%, masing-masing.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Indoor air quality is one of the major environmérntancerns since people
spend about 90% of their time indoors and about?%eir daily time commuting,
mostly between their workplace and their residdti¢eAt present, many people use
public transport buses for workplace, shoppingie&iton and others [2]. Apart from
public transport buses, university shuttle busesge hattracted extensive attention
since many students use this transportation inigetsity campus to travel to class,

extracurricular activities and others [3].

Indoor air contaminants are typically found insitdee bus passenger
compartment namely gases (CO, £@nd CHO) and particles (PM1, PM2.5 and
PM10) [4]. The air contaminants such as CO,,CCH,0O, PM1, PM2.5 and PM10
originate from mobile sources (exhaust gas) [Skdhon the previous studies, the
concentration levels of CO, GOCH,O, PM1, PM2.5 and PM10 were exceeded the
threshold limit values by the World Health Orgami@a guideline [2]. Peak hours,
passenger’s board and unboard, weather conditientilation setting, ventilation

system, bus engine and bus age are the factorsnthances the air contaminants



concentration level inside the bus passenger campat [6]. The exposure of CO,
CO,, CH,0, PM1, PM2.5 and PM10 concentrations could threétte passenger’s
health in both the short and long term. Air contaamnits concentration is responsible
for a wide range of health consequences such a@ablee, eye irritation, lung cancer,
cardiovascular, tuberculosis, asthma and airboma@smission (Severe Acute
Respiratory Syndrome and Avian Influenza and Swnfleenza) [7]. The particulate
matters such as PM1, PM2.5 and PM10 can penetradethe thoracic part of the
airway and accumulate in the respiratory system [Barticles less than 1m in
diameter can be inhaled and 80% of them will beodié¢ed in the human respiratory

system, possibly leading to fatal outcomes [9].

In bus passenger compartments require good veaotilglystem to provide
fresh air and comfortable environment for passenderengineering approach, the
efficiency of ventilation system is evaluated by thdoor air quality. Indoor Air
Quality (IAQ) refers to the effect, good or badtbé contents of the air inside an
enclosed environment [10]. Good IAQ is the quatifyair which has no unwanted
contaminants. Poor IAQ occurs when contaminants @esent in excessive
concentrations. Knowledge concerning the air comtants concentration level is
very important to prevent the inhalation of harméid contaminants by passengers
when commuting in a bus. The ventilation systefnbuses must be improved as
bus travel is used for business, shopping, campcisool, recreation or others
activities. Several factors affect the performaofthe ventilation system such as air
supply velocity, air supply temperature, layoutlod air supply diffusers and layout

of the air return grilles [11].



Three types of ventilation system have been widedgd in an enclosed
environment such as mixing ventilation, displacetmamtilation and underfloor air
distribution [12]. Within the last few years, theixing ventilation system has
become a popular design and has been used in aospartation. A common
example of the mixing ventilation system is oneippged with ceiling-based air
supply diffusers and air return grilles [12]. Insbtransportation, the air is supplied
via air supply diffusers (placed on the ceiling mtmd ducting above passenger
seats) and released through the air return giifeced on the roof). Based on the
previous studies, this system is not capable obxémg the indoor air contaminants
when the door is opened for boarding and unboang@sgengers [2]. This is because
much of the supply air leaves the compartment withmoixing with compartment air
due to improper layout of air supply diffusers aaid return grilles. When this
situation occurs, the air contaminants will accumeilat the tight space of the
compartment such as on the floor and passenges $#3}. Therefore, as an
alternative, modification of the present ventilatgystem is needed to reduce the air

contaminants concentration inside the bus passeoggpartment.

The bus ventilation system is very important in esrdo reduce the air
contaminants concentration level. At present, reseworks on reducing indoor air
contaminants inside the bus passenger compartnsefimited especially using
computational fluid dynamics (CFD) software [14]CFD software offers an
alternative platform which is more convenient tleperimental practice to predict
the indoor air contaminant in various applicati¢hS]. Hence, an investigation of
indoor air contaminants using CFD method is netessifind a suitable ventilation
system design that would lower the level of airteamnants inside the bus passenger

compartment.



1.2 Problem Statement

The present ventilation system in bus is not capaifl reducing the air
contaminants. This is due to improper arrangemefiise ventilation system such as
the air supply diffusers and the air return grillda bus compartment the
concentration level of air contaminants such asegamnd particles exceeded the
threshold limit set by the World Health Organizatiguideline due to improper
arrangements of the ventilation system. The exeessoncentration of gas and
particle contaminants could affect passenger'stheahen commuting in a bus.
Therefore, the bus ventilation systems need tosigdeto reduce the level of air
contaminantsTwo methods were identified namely a field meas@ariand CFD
simulation. The field measurement was carried ouwjuantify the concentrations of
CO, CQ, CH,0, PM1, PM2.5 and PM10 inside the bus. The CFD kitrmn model
is to predict the air contaminants concentratiorellenside the bus. Five types of
ventilation system design were considered namalysplacement ventilation with
two air return grilles, underfloor air distributiomith two air return grilles, mixing
ventilation with four air return grilles, displacemt ventilation with four air return

grilles and underfloor air distribution with fouir aeturn grilles.

1.3  Objectives of the Research

Three objectives were developed to achieve the dirthis research. The

following objectives are as follows:

1. To quantify the indoor air contaminants concentratievel inside a campus bus
passenger compartment.

2. To examine the effects of present ventilation systesign (baseline case) on
contaminants concentration level through the userd method.

3. To establish suitable ventilation system design feducing the indoor air

contaminants concentration level inside the canfqusspassenger compartment.



1.4  Scopes of the Research

The scope of this research is divided in two pass field measurement and
CFD simulation. The field measurements were carmigdn a university shuttle bus
passenger compartment. The distance of bus traveikhin a university campus is
48 km. The measurements were conducted duringehbk pour period to examine
the gas (CO, Coand CHO) and patrticle (PM1, PM2.5 and PM10) concentration
this study, the door is opened during quantificatiof the air contaminants
concentration inside the bus passenger compartniém. weather condition was

clear and no rain fell while the field measuremewmtse conducted.

Ansys CFD Fluent software (R-14) was used to devedo simplified
three-dimensional model of the bus passenger campat. The CFD model was
meshed using the tetrahedron elements. In thig/stbhd boundary condition of the
air contaminants was prescribed at the door only @uoutside air contaminants
entering the bus. The passenger compartment ignasswelean and without air
contaminants. Three types of air flow analysis AgnRNG k- turbulent model,
species transport model and discrete phase modet weed to predict the
distribution of air flow and air contaminants. Fityges of ventilation system design
were considered namely a displacement ventilatioth wwo air return grilles,
underfloor air distribution with two air return feis, mixing ventilation with four air
return grilles, displacement ventilation with faair return grilles and underfloor air
distribution with four air return grilles. The cparison between the field data and

CFD simulation on various ventilation system desigrere discussed.



15 Important of the Research

Understanding the link between ventilation systerasigh and air
contaminants concentration can help to reduce #wellof air contaminants
concentration inside a bus passenger compartmbatréducing of air contaminants
concentration enhances the air quality inside tiedompartment and to prevent the

indoor air diseases to passengers.

1.6 Thesis Outline

Chapter 1 presents an introduction, problem staténodjectives and scopes

of this research.

In Chapter 2, a review on field measurement and GkBulation on air
contaminants concentration in an enclosed enviromnage presented. Different
types of air contaminants namely gases and pagtaile investigated. The effects of
air contaminants on passenger health are also neesan this chapter. The
methodology on a field measurement and CFD analgsisair contaminants
concentration in an enclosed environment has bedewed. In addition, different
types of ventilation systems such as mixing vetititg displacement ventilation and
underfloor air distribution in an enclosed envirahare presented.

Chapter 3 presents the methodology of this studye methodology is
divided into two parts, i.e. field measurement &KD simulation analysis. The field
measurements are conducted to quantify the airanuntnts concentration level
inside the bus passenger compartment. The measiatedis used for boundary

condition in the CFD model and validation. A thidimsensional CFD model has



been developed in order to simulate and predictatheontaminants concentration
inside the bus environment. Five cases of paramatralysis are presented in this

chapter.

In Chapter 4, the results of field measurements @RD simulation on air
contaminants concentration are presented. The slewa air contaminants
concentration are discussed at the front sectiddlesection and rear section of the
passenger compartment. The CFD simulations reamtsdiscussed based on the
whole bus compartment, passenger seats and brgdtduel to examine the air
contaminants concentration level. A parametric ysislon the various cases of
ventilation system design is presented in this wrapA new ventilation system
design that was obtained from the parametric arsalyas discussed based on the air

flow and air contaminants.

Chapter 5 presents a conclusion on air contamicantentration levels
inside the bus passenger compartment. The levaeds gbntaminants concentration
levels and the effects of present ventilation syséee concluded in this chapter. As
well, the best ventilation system designs that cedthe indoor air contaminants
inside the passenger compartment are presentedrabescommendations for future

work have been proposed in this chapter.
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