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ABSTRACT

The Roc-Riemann solver, a finite volume difference method wixigh has a great stability for
prediction of fluid flow was devcloped for the prediction of carbon monoxide due to vehicular
cmission for input source strength emitted at a ¢iven value. Time, distance, air velocity and
pollutant specd werc the paramecters considered in developing thé dispersion model, which
predicts the concentration profile for dispersion. The simulation of the 111;)del was carried out
using the p;u.'amcters (time, distance, air velocity and pollutant specd) to show the cffect of air
velocity and pollutant speed on concentration profile at various axial wind height/distance above
ground level. From the résults obtained and the graphs plotted, it shows that as the air velocity.
pollutant speed and axial height/distance above ground level increascs [(0.5nm/s-2.5m/s),
(2.50m/s-3.00m/s), (Im-11m)] respectively, the sconcentration of pollutant decrcascs
(0.98mol/m*-0.82mol/m?) due to dispersion of pollutant. It was observed that there is a great
dispersion of pollutant concentration at high air wvelocity, pollutant speed and axial

»

height/distance above ground level.
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CHAPTER ONE
1.0 INTRODUCTION

The large majority of today’s cars and trucks travel by using internal combustion engines that
burn gasoline or other fossil fuels. The process of burning gasoline to power cars and trucks
contributes to air pollution by releasing a variety of emissions such as oxides of sulphur, oxides
of nitrogen, carbon monoxide, carbon dioxide, particulate matter, e.t.c, into the atmosphere.
Emissions that are released directly into the atmosphere from the tailpipes of cars and trucks are
the primary source of vehicular pollution. But motor vehicles also pollute the air during the
processes of manufacturing, refueling, and from the emissions associated with oil refining and

distribution of the fuel they burn.

Carbon monoxide being one of the major pollutants associated with motor vehicles is a
very dangerous gas. Cars and trucks are the source of nearly two-thirds of this pollutant. When
inhaled, it blocks the transport of oxygen to the brain, heart, and other vital organs in the human
body. Newborn children and people with chronic illnesses are especially susceptible to the
effects of carbon monoxide. The effect of pollution in the atmosphere to the society in general
especially in the long term is very costly. Illness and premature death due wholly or in part to air
pollution places a great burden upon the society by way of increased costs of medical treatment
thrgugh the loss of labour. In addition, air pollution adversely‘ affects solids, water, wildlife,
weather, climate and transportation as well as reducing economic values and personal effort and

well being. (Enemari, 2004).

There is a need for effective measures to mitigate the adverse impacts of motor vehicles use, the
living enviromﬁent in the cities of the developing world will continue to deteriorate and become
increasingly unbearable if nothing is done to combat this great menace. Thus, in order to
characterize fhe variation of these pollutants in space and time, there is need for monitoring. Air
monitoring alone is expensive, time consuming and requires skilled manpower and sophisticated
cquipments. It is therefore necessary to develop and simulate models which must be flexible

enough to determine the concentration with the changes in the source, concentration and
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‘meteorological conditions. Basically, models have a degree of control and capacity for exploring
virtual realities beyond those available to us through field and laboratory experiments,

particularly when dealing with atmospheric phenomenon. (Lasisi, 2007)

1.1  AIM AND OBJECTIVES

The aim of this research project is to predict the concentration of pollutants such as carbon
monoxide emitted from motor vehicles for input source strength at a given distance and time.

This can be achieved through actualization of the following objectives:
Developing a mathematical model to determine the concentration of emitted carbon
monoxide from motor vehicles.

Collate data on the input source strength from motor vehicles and meteorological data on

some physical parameters such as the speed of air, velocity of pollutant e.t.c.

e Collate data on the atomic diffusion volumes and molecular weight to determine the
diffusivity of air-carbon monoxide system.

¢ Stimulate the developed model by computer program, using MATHCAD and find the
interaction between these physical parameters with the concentration of carbon
monoxide.

12 SCOPE AND LIMITATION OF STUDY

This research work focuses on the prediction of concentration of air pollutant such as carbon

monoxide from vehicle emissions, taking into consideration peculiarities of the pollution pattern,

their effect on human, animals and surrounding environment.

In developing the models, the equation which describes diffusion is used, this represents

the change in concentration with time and space, and also to make the equation as realistic as

possible.
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The simulation of the devzloped model will be carried out to determine the concentration

of carbon monoxide in atmosphere at a given distance and time, and to show the cffect of some

physical parameters on the concentration of carbon monoxide.

These vehicle emissions are basically hydrocarbons, carbon monoxide, oxides of nitrogen
and particulates. But duc to the limited scope of available data, carbon monoxide being the major
exhaust gas emitted as pollutants from motor vehicles, éonce11trati011 of carbon monoxide 1s
thercfore determined in this resea: <h project as a function of some physical parameters such as

air velocity, pollutant’s speed and source strength on the emission dispersion and concentration

i o bt i o iR

profile at various axial distance and height above ground level; suggestion of control measures

that could climinate or reduces pollutants from vchicle emissions to the minimun.

1.3 JUSTIFICATION OF STUDY

L]

3

There is the need to preserve the land, air, and rivers especially around urban areas that has low
assimilative capacity for ourselves and the younger generations. Therefore, it is morally
justifiable to ensure that the health and well-being of the communities around the cities of the

developing world are not ‘threatened by these activities of vehicle emissions.

Though, advancement s being made in chemical Engineering in contributing immensely

1

: to continued global industrial growth and development, but much investigation into pollutant

concentration resulting from vchicle emissions neec to be undertaken because of the damaging

effect of these pollutants in an cnvironment.

Researches have being carried out on mathematical modeling for the prediction of carbon
monoxide emission due to vehicular pollutant using finite difference element model (Lasisi,

2007). He recommended that other numerical methods should be used to validate the same

‘problem.

Hence, this present ‘rescarch project is aimed at predicting the same concentration of
carbon monoxide emitted from motor vehicle, but using another class of numerical method

called Roe-Riemann solver, a {init¢ volume difference method which has the ability to prediét




fluid flow over other finite difference formulations, and also simulating the input data with a

programmed computer software called MATHCAD

Therefore, this stidy was cartied out to develop a simulation model to validate the
concentration of pollutants such as carbon monoxide from vehicle emissions with respect to

some physical parameters and its effect on the environment.
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CHAPTER TWO

20  LITERATURE REVIEW

2.1 POLLUTION

Pollution could be defined as the contamination of Earth’s environment with materials

that interfere with human health, the quality of life, or the natural functioning of ecosystems

(living organisms and their physical surroundings). Although some environmental pollution is a

result of natural causes, most is caused by human activities.

Pollution has received a worldwide attention; where efforts have been in existence to curb these
pollution, effective international control are largely lacking. It has been difficult to achieve
cooperation for pollution control in developing countries. This is even more problematic for a
country like Nigeria, whose concern is to provide such basic needs as food, shelter and

employment for her populace.(Enemari, 2007)
2.1.1 HISTORICAL BACKGROUND OF POLLUTION

Pollution started during the ancient times but was not a major problem because people

lived in rural areas and the pollutants they produced were widely scattered.

Pollution problem started when large number of people began living together in cities. As
cities grew, pollution problems grew with them. But environmental problem rarely become
serious until 1700°s and early 1800’s during the industrial revolution period. The development of

the industrial cities in 1700°s and 1800°s made pollution a major problem.

In the 1900’s, urban areas development was on the increase and automobiles, other new
inventions made pollution steadily worse. By the mid-1900’s pollutants had affected the water

and air quality in every major city in the world and all industrial countries.

The lives of millions of people have been endangered by pollution since the late 1960s.

{1 Measures are been taken by government to curb the situation and people are also working to

; reduce the extent of pollution.
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2.1.2 AIRPOLLUTION

Air pollution could be defined as any atmospheric condition in which certain substances
are present in such a concentration that they can produce undesirable effects on man and his

environment. (Susu and Gutti, 2003).

The main cause of air pollution is the combustion of fossil fuel such as petrol, coal,

gasoline and gases. Most vehicles, power plants, factories, train and aircraft use fossil fuel to

-obtain energy, in the process, many pollutants are released into the air (Enemari, 2004). Other

causes of pollution include particulate matter (i.e smoke, dust, fume, etc), radioactive materials

and many others.

Most of these substances are naturally present in low concentration and are considered
harmless; however, a particular substance can be considered an air pollutant only when its
concentration is relatively high compared with the accepted concentration value and causes

adverse effects.

The Nigerian and World Health Organization guidelines for ambient air quality standards

as shown in 2.1, 2.2(1) and 2.2(ii) below;

Table 2.1 Nigerian ambient air quality standard (FEPA guidelines)

POLLUTANTS TIME AVERAGE ' LIMITS
’Particulate matter Daily average of daily 250pg/m’
Values (1 hour) 6OOug/m3
Daily average of hourly 0.01ppm
Sulphur Oxide Values 1 hour 26pg/m’
0.1ppm (260pg/m’)
Non-methane Daily average of 3-hourly | 160pug/m’
values
Carbon monoxide Daily average of hourly values | 10ppm (11.4pg/m?)
8-hourly 20ppm (22.8pg/m’)
Nitrogen Oxide Daily average of hourly value | 0.04ppm-0.06ppm
(nitrogen dioxides) (11-75pg/m’)
Hourly values
Photochemical oxidant 0.06ppm




Table 2.2()) World Health Organization guidelines for ambient air quality standard

(WHO and UNEP, 2002.)

A A S A e Sl AN i iy

T POLLUTANTS SAMPLING TJME STANDARD
"Particulate matter | Annual mean 40—6();15_3,/1113
‘ 98 percentile 150-230pg/m’
Thoracic particles 24 hours annual 7();1g/m3
(Pmm)‘) Mean 40-60 g_/m3
10 minutes 5()Opg/m3
1 hour 350pug/m’
CO 15 minutes 100pg/m’
‘ 30 minutes 60pg/m’
NO, 1 hour 30pg/m’
24 hours 10pg/m’
Lead 1 hour 0.5-1.0pg/m’
Photochemical 8 hours 150-200pg/m’
Oxidants ] _ P
o} ‘ ; n.a 100-120pg/m*
|
L




Table 2.2(ii) Upd-ted WHO air quality guideline values (AQG)

U

[T POLLUTANTS | AVERAGING TIME AQG VALUE |

Particulate maiter opg/m® |
Particulate matter 1 year ne
: 3
PM,s 24 hours (99" percentile) | 25pg/m
' 3
PMio 1 year 20pg/m

24 hours (99m percentile) | 50 ;1g/m3

?

| Ozone, O3 8 hours, daily maximum 100pg/m3

' 3

Nitrogen dioxide, NO; | 1 year 40pg/m
1 hour 200pg/m’

Sulphur dioxide, SO, | 24 hours . ZOug/m3
10 minutes 500pg/m’

2.1.3 SOURCES OF AIR POLLUTION
The major sources of air }:)ollution can be classified into two;

a. Natural sources: these include dust from desert or land with little or no vegetation,
Radon gas from radioactive decay within the earth’s crust, smoke and carbon monoxide
from wildfire, volcanic activities which produce sulphur, chlorine and ash particulates,
electric discharge, oxidation and other reactions in the atmosphere.

b. Human activitics: these include air pollutants (NO,, CO, SO,) from motor vehicles,
aircrafts, diesel generators, municipal waste incinerators, power plants, etc, dust,

»

hydrocarbons, ammonia etc from petroleum refining, etc.




' 53 VEHICULAR EMISSIONS

Vehicles derive their energies from the combustion of fossil fuel in their internal
combustion chamber. If it was possible to achieve complete combustion, the fuel applied will be
completely converted to energy to create the desired motion in case of automobile and to convert
it to other forms of energy for various purposes like providing light etc. In the process of
combustion, a number of changes occur. Some of the fuel is passed out unburned; partially burnt
fuel changes form into a number of gases, impurities combine in the process principally with air
to form other compounds c.g oxides of sulphur, nitrogen from the air particulate in the
combustion process to form oxide of nitrogen NO, NO, depending on the prevailing condition in

i the combustion chamber. The product of combustion mainly gases/particles are then emitted into

{ the environment as exhaust gases. (Enemari, 2004).

In urban environment that has low assimilative capacity, vehicular emission is of great
concern. The emission reacts forming various species in various meteorological conditions
{ interfering with man’s activities. Vehicular emission in typical urban center constitute over 60%

{ of total population emission compared to industries, power plants, refuse disposal, space heating,

i etc (W. Bach, 1965).

1 2.2.1 Vehicular emission is the byproducts of burning automobile fuels. There are four basic
ﬁypes of vehicular emissions, namely; Hydrocarbon, Carbon monoxide, Oxides of nitrogen and
pa_fticulates. The three basic sources of vehicular emission are; engine crankcase blow by fumes
(20%), fuel vapour (20%), and engine exhaust gases (60%). (Duffy and Smith, 1992). The major

1 emissions from the burning of diesel are sulphur dioxide (SO,), Lead (Pb), etc.

123 FACTORS INFLUENCING FUEL ECONOMY AND RATE OF GENERATION

OF EXHAUST GASES LOAD.

The vehicle tare weight from manufacture has the minimum fuel. As the load increases, the
; engine has to do more work to pull the weight along. The encrgy to do this comes from burning

1 more fuel which is accompanied by emission.
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Cold and hot start; cold stu ng of cngine has high fucl consumption. Rapid acceleration and
¢ " -

H M ab ~ ~ CC
sudden starts will result to high fucl consnmption. Once the engine has been started, conuuen

ivi ' ' i e pe ofer {o as warming the engine.
driving rather than accelerate standing which some people refer t ‘ g

Idling, city traffic shifting; all these result to high fuel consumption resulting in generation of
b

¢

exhaust gases and environmental pollution.

Speed; driving at high speed for extended period apart from wearing the engine burns more fucl
and therefore vents high volume of gascous/particulate matter with attendant environmental

pollution. This is actompanied by emission. (W.Bach, 1965).
2.4  MAJOR VEHICULAIR EMISSION, SOURCES AND EFFECTS

2.4.1 llYUROCARBQN (HC): Hydrocarbon emissions result when fucl molecule inn the
engine do not burn or burn only partially. Hydrocarbon escapes into the air through fuel
evaporation either from fucl system or while the vehicle is being refucled. Hydrocarbon reacts in

the presence of nitrogen oxides and sunlight to form ground level ozone, the major component of

smog.

2.4.1.1 HEALTH EFFECTS: Hydrocarbon emission contributes to eye, throat, and lung
irritation and possibly cancer. It may lead to premature death. Ozone can lead to more frequent

attack in pcople who have asthma and can also hurt plants and animals.

242 CARBON MONOXIDE (CO): This is a colourless, odourless gas produced by
incomplete combustion of carbon containing fuel and by some biological and industrial
processes. The major source of carbon emission at breathing level cutdoor is the exhaust of

»

petro-powered motor vehicle, the diesel engine (compression ignition), when properly adjusted

emits little carbon monoxides.

2.4.2.1 HEALTH EFFECTS: Carbcn monoxide is absorbed through the lungs and reacts with
hemoglobin of the blood. This resu'ts to the formation of carboxyhemoglobin with the blood
sysicm which alters nervous system and causes changes in cardiac and pulmonary functiorn it

causes headaches, fatigue, drowsiness, respiratory failure and even death.

10
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2.43 NITROGEN DIOXIDE (NO,): Nitrogen dioxide is a redd:sh-brown gas that comes

i sentrat itrosen dioxide
ftom the burning of fossil fucls. It has a strong smell at high concentration. Nitrogen ¢

busti : itrogen | ir reacts with oxygen
could be formed cither by the combustion of fuel or when nitrogen in the air reacts v th oxyg

”

i ioxude cact witi ' er form azone, acid rain and
at high temperature. Nitrogen dioxide can react with the atmosphere to ,

particles.
!

2.4.3.1 HEALTH EFFECTS: Atmospheric nitrogen dioxide results in acid rain which car harm

plants, animals and other materials. Exposure to nitrogen dioxide results to respiratory infections.

244 PARTICULATE MATTER: This is either a solid or liquid matter that is suspended in
the air. To remain in the air, particles usually must be 1¢ss than 0.1mm wide and can be as small
as 0.00005n1.n. The major sources of particulate matter are fuel burned in an automobile and

power plants, road dust, sca spray etc.

3

2.4.4.1 HEALTH EFFECTS: Particulate matter could result to respiratory problems and cye

irritation.

2.4.5 SULPHUR DIOXIDE (SO,): Sulphur dioxide is a colourless and corrosive gas that
cannot be seen or smelled at low levels but can have a ‘rotten egg’ smell at high levels. Sulphur
dioxide is sourced from the combustion of coal or oil plant. It could also be gotten from lactories

that make chemicals, paper or fuel. It can react in the atmosphere to form acid rain.

2.4.5.1 HEALTH EFFECTS: Sulphur dioxide irritates eyes and respiratory system, reduces

pulmonary functions and aggravates respiratory diseases. Sulphur dioxides can harm trees and

crops as well as damaging buildings.

2.4.6 LEAD (Pb): This is a blue-gray metal that is very toxic and is found in a number of
forms and locations. Lead paint is an important source of iead, especially in houses where lcad

paint is peeling. Lead in old pipes can be a source of lead in drinking water. Lead can also be

found in cars where leaded gasoline or fuels are used. )
|

2.4.6.1 HEALTH EFFECTS: Hear: attacks or stroke could result from exposure to lead in

adults. Lead could lead to low intelligent quoticats (IQs) in children. Ingestion of lead has been

»

i1
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isord i ‘ o-intestinal disorder, nauscd.
linked to scveral physiological disorders in man such as gastro intestinal disordet

¢

circulatory collapse, blindness, ancmia, elc.

2.4.7 GREENHOUSE GASES: Thesc are gases that stay in the air for a Jongtime and warm
up the planet by trapping sunlight. This is called the ‘greenhouse effect” because the gases act
like the gases in -« greenhouse. Some of the important greenhouse gases are carbon dioxide

(CO,), methane (CHy) and nitrous oxide.

Carbon dioxide is the most important greenhouse gas. It is produced from the burning of
fossil fucls in cars, power plants, houses and industries. Plants convert carbon dioxide back to
oxygen, but its release from humsin activities is higher than the world’s plant can process. Thus,
the amount of carbon dio;xide in air continues to increase. This build up acts like a blanket and

4

traps heat close to the surface of the carth.

2.4.7.1 HEALTH EFFECTS: It leads to changes in climate, high temperature, higii sca levels,

. o, . R
changes in forest composition and damage to land.

2.48 STRATOSPHERIC QZONE depletes: These are chemicals that can destroy the ozone
in the stratosphere. The chemiicals include chlorofluorocarbons (CFCs), halons, ctc. Ci‘Cs arc

used in air conditioners and refrigerators since they work well as coolants. They could be found

- in acrosol cans and fire extinguishers. Other stratospheric ozone depletes are used as solvents in

industries.

2.4.8.1 HEALTH EFFECTS: If the ozone layer is destroyed, people are exposcd to more

ultraviolet radiation from the sun. This can lead to skin cancer and eye problems. High

ultraviolet radiation can also harm plants and animals.
25 CONTROL OF AIR POLLUTION

Some air pollution controlling measures include;

1. Sensitization and educating the people about the causes and dai.gers of pollution.

2. Machineries and vehicies should be improved so that mcre efticient fucl combustion

occurs.
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3. Strict laws should be pissed and enforced to make factories -1d users of motor vehicles

keep air pollutign down by using anti—pollutim? devices and taking anti-pollution
measurcs.
2.6 VEHICULAR EMISSION CONTROL
This falls into two basic categories; Tailpipe emission control and E;/aporative emission control.
2.6.1 Tailpipe emission: this is the product of burning fuel in the vehicle’s engine, emitted
from the vehicles exhaust system such as hydrocarbon (HC), NOy, €O, CO;, and particulates.

Tailpipc emission control can be categorized into four parts; Increasing engine cfficiency,

increasing vehicle efficiency, increasing driving efficiency, and cleaning up the emission.

2.6.1.1 Catalytic converters: this is a device placed in the exhaust pipe which converts various
emissions into less harmful ones using generally, a combination of piatinum, palladium and
rhodium as catalyst. Catalytic converters have been steadily improved over the years. They make

for a significant and easily applied method for reducing tailpipe emissions.

2.6.2 Evaporative emissions: these emissions are produces from the evaporation of fuel in the

following ways: gas tank venting, ruining losses and refueling losses. Efforts at the reduction of
S

cvaporative emission include the following:
2.6.2.1 CAPTURING VENTED VAPOURS

Within the vehicle, vapours from the tank are channeled through camster containing activated
.carbon instead of being vented to the atmosphere. The vapours are absorbed within the canister,

which feeds into the inlet manifold of the engine. When the vehicle is running, the vapour

absorbed from the carbon are drawn into the engine and burned.

2.6.2.2 REDUCING REFUELING LOSSES

All modern vehicles have tank filler necks that instead of just being a tube into the tank, as in
easier vehicles, now have a small-diameter hinged and spring loaded door only large enough for

the tip of the filler nozzle. This prevents vapour leakage when the filler cap is removed, and also




alytic converter-fitte:l vchicle being refueled with leaded fucl. This modification

prevent as cat

’ i - back into the
also applies to the filling station pumps. They arc now equipped to suck tiie vapout back mto

pumps as they arc displaced by fuel.

L]

27 THE NEED TO CONTROL POLLUTION
The control of air pollution is necded due to its;

|. Potential danger to humian, animal and plant lives.
2 Economic losses duc to irreversible loss of large quantity of useful products-organic
solvents, metals and their oxides, acidic oxides such as SO,, CO, Cl, P,Os etc.
4

3. Loss due to corrosion mainly from acidic oxide in air.

2.8 MATHEMATICAL MODELS AND MODELING

W

This is the use of simplified mathematical representation of real world system, process or
theory. Mathematical models are developed in order to enhance our ability to understand, predict
and possibly control the behavior of the system being modeled. Mathematical models arc

symbolic and help to express idzals and problems clearly.

Mathematical modcling can be defined as a phenomenon by mathematical equations
(called models) and extracting from the useful information which can be used for prediction or
process analysis. Mathematical models may be dynamic (changing with time) or static, and they

" may involve random process.

Consider the problem of human inhalation of pollutant gas (i.e exhaus{ gas from
vehicular emission) and its conscquent impact on health. If mathematical and statistical
techniques arc used to determine the magnitude of the conéentration, the duration of inhalation
(time) and the frequent of expcsure, then, this description is the simultareous occurrence of two
events, the presence of ﬁeople and pollutant concentration (x, t) at point x and time (, (Ryan)
Exposure = f [P(x, t), C(x, t)] wheg‘e P(x, t) is the number of people at point x and time t of

inhaling the exhaust gas, e.g carbon monoxide at the concentration, C(x, t).  The magnitude

C(x, t) of the concentration as function of the path of the subject characterized by his or her

L]
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«” at all time “t” for the duration of time interval in which exposure takes place. There

position

i ‘ ituati i i s ics provide valuable information
arc many other situations like this where the use of mathematics provide valuat ¢

e arative frial IO
concerning the behavior of a system at much lower cost than the alternative tra and crrot

4
approach.

Generally, in air pollution modeling, many exp‘eriinental data have been gencrz\tcd'and
analyzed theoretically before now but the use of mathematical and stati‘slical techniquc‘s 1o
evaluate and correct these data gives rise to mathematical modeling of air quality. Therefore, tlj?c
usc of light model of air pollfltion not only predict the pollutant concentration at the initial stage
and the dispersion, but thc‘minimum permissible limit wiili ‘whicn the pollutant W1U be
considercd harmless to human health and as well as short term and long term cffect for long
cxposure. From examination and interpretation of the result using these mathematical models, for
a particular pollutant e.g (;arbon monoxide vehicle exhaust gas, we say that the research has built

a model of carbon monoxide from vehicular emission not a physical model but a mathematical

model.

Mathematical models represent pollutants behavior in the atmosphere: These are
techniques to estimate concentration of pollutants in ambient air with respect to time and space

for a given sct of meteorological and emission conditions. Mathematical model used in air

quality may be either source models (dispersion model) or receptor model type.

Mathematical models

l l l

Dispersion model Receptor models Hybrid models

-Box models , Chemical mass balaﬁce/ Cc(§n1bination of dispersion
-Rollback models chemical element balance and recef;tor models
-Gaussian Pftlxlle models models. Multivariate Analysis

Chemical Receptor Model

Fig 2.1 Mathematical models used in a quality modeling.




2.3.1 DISPERSION MODELS

k3

i ‘Thut souice t¢ a v i product of
The dispersion model states that the contribution of souice t¢ a receplor 18 the proaud

cmission ratc and a dispersion factor. (Henry, 1984). Dispcrsion can be classificd into geometric
form of the cmission, given rise to cxpression for point, line and area source. Based upon

emission conditions, these are subdivided into instantaneous (Puff) model and continuous

(Plumel model). Some of the Jispersion 1odels are describe as follows:

1 . .
2.8.1.1 Box Models: These afe the simplest form of dispersion and are useful for prelimmary
and rough order calculation for arca sources. In these modcls, dispersion is neglected and arca
source is assumed to be enclosed ia a box and pollutants are considered to be instantancousty and

¥

homogenously mixed within the box.

2.8.1.2 Roilback Models: The basic assumption of these models is that air quality is
proportional to emission from all sources. They are bascd upon proportional scaling method, that
is, all emission sources arc curlailed method by same level. They are useful for global scale

problem.

2.8.1.3 Gaussian Plume Models: In theses models, the dispersion is considered inverscly
proportional to the wind velocity. i.c concentration of pollutant, C a '/v where v is the wind |

velocity. The basic assumption followed is that diffusion can represented by Gaussian fuuction.

The conventional dispersion model have been well studied and widely used. However,
onc of the major draw back of these models is that they need accurate emission inventorics for
various sources as input which are difficult to measure and involve significant errors. They arc

not useful for acrosols,

2.8.1.4 Receptor Model: Receptor model is in contrast to dispel'sidn model, starls with observed
ambient air-borne particle concentration at a receptor and seck to apportion the observed
concentration among several sources type based on the knowledge of the composition of the
“cceptor muterial. Receptor rodeiing methods have become feasible due to advancement in

sampling and analytical techniques (Gordon, 1980). o :
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2.9 STEPS IN USING MATHEMATICAL MODELS

The major steps in modeling and using mathematical models are: .

)
e Obscrving real world phenomena.
e Recognizing the problem.
e Familiarization with system to be modeled.
e Construction of the model.
' .
e Assumption and constraints.
e Solution technique (sinulat;on).
e Inierpretation analysis.
e Validation of the model.

e Implementation.

e Monitoring of the system model.
2.10  SIMULATION

This is the representation of a process by mathematical model, generally in the form of a
computer program. This is an acceptable tool for understanding chemiczl nrocess. Simulation in
general is to pretend that one deals with real thing while really working with an initiator. In

operation research, the imitation is ccmputer knowledge of the simulated reality.

¢

Simulation, however, may be performed manually, most ofien, the system model is

written either as computer program or a kind of input simulator software.

2.11  ROE-RIEMANN SOLVER

The Roe-Riemann solver provides a very nice scheme for calculating solution of time
dependent problems in one dimeusion. But once a dimensional Riemann solver is constracted for
a particular system of equation, it is easy to extend it to multiple dimensions. The simplest

multidimensional Riemann solver treats each other c¢f the directions dimensionally as if it were a

set of one dimensional problem.




CHAPTER THREE

3.0 DEVELOPMENT OF MODEL
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Fig 3.1 Region of volume Ax, Ay, Az fixed in space through which a fluid is flowing.

1

For a small volume element Ax, Ay, Az, fixed in space as shown in figure 3.1, a material balance
based on continuity equation can be developed. The mathematical model for the prediction of

carbon monoxide due to vehicular emission is based on this continuity equation.
3.1 THE MATERIAL BALANCE
IFrom fig 3.1, the material balance can be written as:

(Rate of mass input) — (Rate of mass output) + (Net rate of amount of mass introduced by the

source strength) = (Rate of accumulation) 3.1

The mass flow rate of pollutants into the three (3) phases with a common corner at A is

| M(NyAyAz + M(N,)AxAz + M(N,)AxAy 3.2

{ The equation 3.2 above can be written as

»

| MI(N)AYAZ + (Ny)AxAz + (N,)AxAy 3.3

+ Where:




. . . , 2 .
N, is the [lux in x-direction {mol/1u’s)
(N,)X is the value at locatior: x and,
M is the molecular weight of the pollutant CO (g/mol)

In a similar manner, the mass rate of flow out of the three (3) phases with a common corner B is:

MI(NOs + ad YAZ + (Ny)y 1ay AXAZ + (N); + azAXAY] 34
The total pollutant in the clement is Ax, Ay, Az p; its rate of accumulation is therefore

, & 3.5
AXAYyAZ — 3.5

Y

Where; )
p is the density of carbon monoxide in( g/m3 )
Now, the net ratc of amount of mass introduced by source strength is Ax Ay Azq --=--=-=n----~- 3.0

Where;

q is the source strength in (g/m35)

4

Substituting equation 3.3 through equation 3.6 into equation 3.1, we have,

M(N)AYAz + M(N,)AXAZ + M(N)AXAY ~ M[(Nx + MAYAZ + (Ny)y + ay AXAZ + (N,), +

AxAy] + AxAyAzq = AxAyAz % ‘ 3.7
By multiplying through equation 3.7 by (-1) gives:

-M(Nx)AyAz — M(Ny)AXAZ — M(N)AXAy + M(Ny)x + ax AyAz + M(Ny)y + ay AXAZ + M(N,), + a,

- AxAy — AxAyAzq = -AxAyAz (—;{- 3.8

»

MI(NWx + ax — (NOx] AyAZ + MI(Ny)y + ay — (Ny)y] AXAZ + M[(N,), + a7 — (N,);] AxAy — AxAyAxq

$
= - AxAyAzq 37 3.9

ME[(NOs + ax = (N JAYAZ + {(NyJy + ay - (NYYIAXAZ + [(No)2 + a2 — (N).JAxAy } + AxAyAz %

= AxAyAzq ! ’ - - 3.10
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d taking limit as the three distances hecome
?

Dividing equation 3.10 through by Ax, Ay, Az an

7CI0 LIVES;

SNx 6Ny | ONz| _(EB . [T ; =311

T (] e e —
M [ Sx oy 57 A St ]

1

In another form, equation 3.11 can be wnitten as;

S(MNx) S(MNy) S§(MNZ) §_,3 —
Sx t &y + 6z :*—& q

Note that the flux (Ny) for the pollutant, CO is made of two patts namely; the one resulting from
the bulk of the fluid pollutant, CO motion and the one resulting from diffusion of CO. "This

implies that flux N = bulk motion of CO + diffusion motion of CO.

Thercfore, N = K + J = - 3.13

where K = bulk motion Gf CO
J = diffusion motion of CO

If the pollutant is in the same direction and that of the wind, equation 3.13 in terms of masses

and 1 the x-direction is;

MN, = Uypm + Vip + MJ 3.14a
while if the pollutant is in the opposite direction to the wind, i.e taking the direction of the wind
as positive x-direction and the pollutant negative x-direction, in tezms of masses and in the x-

direction, equation 3.13 gives.

MN, = Uypm - Vip + MJ ---- 3.14b

where,

pm is the density of the mixtire of air and the pollutant as the pollutant mixed with the air thus
. 1

changing the density of air (g/m’)
p is the density of the pollutant which is constant ( g/m3) -

Uy is the velocity of wind in x-direction (im/s)

20




V. is the velocity of pollutant in x-direction (m/s)

®

Now, since pni is the density of the mixture of air and the pollutant mixed with the air, thus

changing the density of air. It can be represented through the following general relationship:

PV =nRT
PV =ZRT
M
PM =2 RT : |
PM = pRT
. | L , 3.15
RT ,
By
hm _ Mm; Tpa,.,. + M{fﬁo 3.16
or
% [Mair Pair + MPco] |
Where;

Mair Pair _ Mair(Pr =P . . .
air Pair .. Matr(Pr=Peo) ;0 density of air (g/m’)

RT RT

MPco

is the density of carbon monoxide (g/m?)

Pyir = Py - Peo, Partial pressure of air (atm)

Py = Total pressure of mixture of air and CO (atm)

§

Pco = Pressure of carbon monoxide (atm)
M = molecular weight of;CO (g/mol)

L]

Mir = molecular weight of air (g/raol)

21




3 .
R = gas constant (atm.cm /melk)

T = Temperature of which a sample of dry air would have density as the mixture (k)

i = diffusion flux (i.c by using pariial differential method).

oc 3.17
Jy=-A5-
Differentiating equation 3.14a gives; P
SMNx SUx spm svx |, 6p 8]x 318
Y m i+ Uy t—+p——=+Vy—+M— 3.

sx MMy Uy Y05 * 8x 5x
Since SMMX 1105 been obtained in the equation 3.18, then equation 3.12 can be written in three (3)
]

*

dimensional forms as:

*_Uzilizé”_Z][ Spm Spm 5_9111] [‘_5_2 L §.e]+
p111[5x+ 2 S [Ux S Uyt Uz VA VY Vi

éjx | O]y 6]2] sdpm
A i DAl G —
M [5}: + oy + 6z S5t

q- 3.19

Also from equation 3.14a differentiation becomes;

SNx SUx Spm

SNx Sux Spm Svx 24 §Jx
Max —p7n§x+ Ux ™ +p6x+Vx6x+M6x

t

Since

B TR .
Iy=-A —5—2 from equ. 3.17, substituting in the above equation, we have,

Spm SVx
5x tp Sx

ONx SUx
M-— = pm———gv--i- Ux
oX

5 _ 826 |
5x + Vo= MD = 3.20

Substituting equation 3.17 into 3.19, we have,

I O O 7SN I LS I
[)711[6x+5y+5z +[Ux PRt Uyt Uz 4 p R4 S+ +[Vx3;+
1y vt yp e 4 B B om

Iyt Ve - MD | S+ e |+ e = g 3.21

Applying the equation of continuity,

22




. ; v % SvVz : .
sux | duy | dUz d-—‘s v vy 4872 {ends to zero, then equation 3.21 becomes
Sx 8y bz Sy 0z -

(Spm épm Spm A fﬁ - §£ i’i_ [__— ' e ——
Ux——+ Uy~ + Uz—— Vxéx%Vy6y+Vzaz MD | =+t t

Spm = ¢ 3.22
5t ;

Dividing density by molecular weight i.e p/M (mol/dm3) results to concentration, the equation

3.22 becomes:

»

o o¢ oc ac o _ 8¢ | 8%c] 4 dc _
Ux +Uy5+U7 +Vx +Vy +V A[ 5y2+ ]+5t—q ------------ 3.23
o Ux 220 g Lo BEX DI o

5x 6x M ox

Rearranging equation 3.23 gives;

2 2 2
Ux$E+ Uyt Uz Vxgo+ VyE+ vz 2l = A+ 5S R 3.24
Thus,
§c ¢ 5c¢ 5ch
e uxE 4 Uy E Uz Ve E+ vy e+ vz =+ A[——+——+-—]+ q -—3.25

alhlec Iy W 72 3
The variables Ux, Uy, Uz, Vx, Vy, Vz, and ¢ can cach be described as the sum of the mean and a

turbulent composition as icliows;

.

Uy =U,+ Ul
U, =U,+U,
U, =U.+U,
V.=V,+V

L S —— 3.26
V=V, +Y,
Vz = I7: + z’ |

1

C=C+¢('
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Where:

U, and ¥, arc the instantancous measurement of the east and west component velocities, U, and

V! are the deviation of U and V" from the mean.

Substituting 3.26 into 3.25 and assuming an incompressible, non divergent atmospherc

(reasonable assumption for the mest scales of motion affecting vehicles emission produced).

s _ [(5i7x(f LA 5Uzr?] ~ [wx(:' I ch"] _ [eusc 9UyC -6—({:56—] ) [avxc +
&t 6x Sy 5z . Ox sy 8z 6x_ sy oz ox
Svyc’ 5V,ic'] 8%¢ s2¢ . 8% ’ ‘
Sl Ay —+ Ay—+ Adr—+¢ -~---3.27
Sy + 5z 4 §x? + 4y 5y? + §z2 !

The term on the left hand side describe the change of concentration with time. The first
two terms in the bracket on the right hand side describes the change due to mean motion
(transport), the sccond two terms in the brackets describe the changes due to turbulent
(dispersion) and the third term wit the derivative of concentration square describes the molecular

diffuston.

The Reynold’s number of molecular diffusion is small compared to that of turbulent

diffusion thus, we can ignore the molecular diffusion term in equation 3.27 above to zero. i.e

i

&2C

Ax—
Sx?

§%¢ 5%C _ A
+ Ay6—y2+ AZE—Z—Z‘—-O - 3.28
The turbulence fluxes (V;/C’,V,/C’, V;/C") defined as the mass of pollutant deposition per unit area

per unit time due to turbulence are difficult to measure directly, then

SVeC' | 8V ¢ svct ‘
ox + Sy + 6z =0 ' 3.29

It is common therefore to assume that turbulence is proportional to the gradient of the mean

concentration. .
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ULc = ix () | ,
U, ¢ =~ Ky (5) gt 3.30
(
U ¢ =~ Kz ()
Where Kz is proportionality corstant called the eddy diffusion.
Lquation 3.27 becomes;
e T R I s A L A L
+ ;?; [KZ %ﬂ +q - 3.31

Further assuming that the eddy diffasivity values Kx, Ky, and Kz are invariant aleng thei

respeciive axis, an assumption often made to simplify the calculation, but not necessarily

physically realistic, this expression can be simplified to the parabola form as:

Sc 52¢ 8¢ §*c [Ox6C | UysC , Uzé6C Vx8C VysC & VzoC
- [ Y |- [B=+ 22+ 25+ q 332
ox &y oz

3.2 CONSIDERING A CONTINUOUS SOURCE STRENGTH

*

For a continuous source strength of pollutant, the emission of thé pollutant source
strength (q) rethains constant. This means that the source strength (q) of pollutant e.g carbon
monoxide from car exhaust gas to the atmosphere is considered not increasing with time. The

source strength versus time graph is shown in figure 3.2 below;

A
Source |

strength

> .
Time
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i i ; ; ' herefore ion 3.32 remam
Figurc 3.2 illustration of continuous source strength. Therefore, cquation

unchanged, that is;

*

s - - ~ = = = s Wal TFas g 7,56
) 2¢ §%¢ , S§'¢ [Ux8C | Uydc Uz8C VxéC VysC | Vz ]+ _____ 3.3.2
b _ gxlly Ky—i+1«\z‘——-[——+———+—~—— S S|t
St Sx? - Sy? §z2 Sx 8y 5z x Sy

33 PULSE INPUT (POLLUTANT RELEASED INTERMITTENTLY)

i

This is a situation where the pollutant is released in disorderly manner at different

5

intervals of time and still the source strength (q) of the pollutant is maintained constant.

2z [x6C = UysC . Jz86C) [Vx6C  VySC | Vz8C
§%¢ [Ux6C | UysC szC]__[Vx&L + Vy< + z8 ]_*_q 333

+ + 5x 6y 6z

Sc¢ 8%¢ §%¢
st Kxgx-z + Ky :Syz + Kz 522 | 6x 5y 6z

ot
Where q is cqual to equation 3.3.2
34  PULSE INPUT POLLUTANT RELEASED ONCE

This is a solution.whereby the velocity of the pollutant is zero (i.e V,=0) thus our model

“equation becomes;

éc
st

52¢ 52¢ Ux5C | U U
o2l = Ky 52— Kz o [P 2o T g oo 334

3.5 NUMERICAL SOLUTION

There are various approximate methods of numerical solution available for solving model
cquation. The major ones among the numerical solution methods are Crank Nicholson method,

cxplicit finite difference scheme, implicit finite difference scheme, finite volume scheme, e.t.c.

In this project, Roc-Ricmann solver is used. This method takes its basis from finite

volume schene.
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351 NUMERICAL SIMULATION

Recall cquation 3.3.3

GxsC¢ . UysC | UzsC VxS§C Tys¢ | VzsC 2g §%¢ §%¢
S¢ {ixSC . UysC | UzdC Vx§C Vy6C YZ(‘F(, i 64cC b ammeee 3.3.3
2200y ———] - [»~+ + 28 Kx e + Ky 5+ Kzsa+a

Sx Sy - 5z

st 5x sy | 6z

The discertisation of our system of equation can be written in vector form which will be shown

i scetion 3.5.2. Assuming fluxing in x-direction, equation 3.3.3 becomes

Sc  Ux6C Vx8C Ikx8%e
o TRLLLN. =
St 5x 5x Sx?

3.5.2 ROE-RIEMANN APPLICATION TO EQUATION

The numerical approximation to equation 3.3.3 begins by dividing space into cell with edges at
X+ 1/, and uniform width Ax, although this restriction can be relaxed. Integration C(x,t) over a

spatial cell and dividing by Ax, we get space average data in cell (1) and time (t).

The gencral Roc-Riemann equation in one dimension (i.e along x-direction) is shown

below;
sU | 8AU
e = SW ‘ 52
Where Ui (1) = 1 x+ 1/, 3

were Ui (1) = P fx_ 1) U (x,t)6x . 3.5.3
integrating over cel! (1) gives; »

oUiL n AUi_yp-AUi_yn
8t Ax B

Si ‘ ‘ 3.54
Where

Ui(t) is a vector of the spatial averages at time (t)

S (u) is source vector
AU;_q /7 1s the flux of each of the moment in the x-direction

AU is flux (ratc of flow of state (u) across an interface).
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Ui is cell state
Uipg/z 18 intereel! state.

U (x.b) is veetor state of variable.

Given AU is lux of U

icAU=F 356
8AU | 8F 3.5.7
sU | 68U *
A= ----3.5.8
suU
A= 6‘;"(’; 3.5.9
Simiilarly equation 3.5.7 becomes:
JAu)x _ M x 3.5.10
su sU
Now, recall the model equation, equation 3.3.3
L [k ' U;jé L ngf + 2 s kTl Ky-g-;if +KzEE 4 g3
Note, the equation 3.3.3 above is in 3-dimensicnal form. By rearranging we have;
%+ 2 [UxC + VaxC - %(KxC)J + 5% [UyC + VyC - fy (KyC)] +
S 1UzC + v=C - 2 (Kz0)] = q ] ' 3.5.11
5z 5z v
Relating equation 3.5.10 to 3.5.11, then equation 3.5.11 in another form can be written as
Ut+Fx+Fy+Fz=8§ ' 3.5.12
Where . !
U = (g) ----- 3.5.13

28




P S A N 10

; VG gy K -3.5.14
e =(uxc+ T = sy KxC) .

. VyC _ 8/ wye . 3.5.15
e =(uyc+ T By Ky )

: o4 VL8 ‘ ' 3.5.16
= = (v T, KzC) — ,

s

The Jacobian matrix A in equation 3.5.9 in 3-dimensional form can be computed as;

ae =2 (Ux (*) Vx) 3.5.17
Ay = (Uyg‘% - 3.5.18
e =z (Uzd VZ) 2519

From equation 3.5.17, 3.5.18 and 3.5.19, the eigen values in 3-dimension as well are:

hx = Ux+ Vx B
Ay = Up+Vy > 3.5.20
z = Uz+ Vz .
We have determined an approximate value which must satisfy the ﬂu;( 9.
= AU = Y a@,ed, 3.5.21
Where éyy 1s the eigen vector
Note,
AC = @ (i.e change in concentration) 3.5.22
ACV =ah : : 3.5.23
Then, F = ¥ ACA, 2, - 3.5.24
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Since in equation 3.18, the only axis considered in the so - 1 is the x-axis, therefore, the usc of

summation will not affect any changes in flux.

P ER Yoy WS RSO X% L
AF = ACAy i.c & = 1 for unit vector 3.5.20
For a unidirectional system, the flux at the cell interface is given by,
AUz = %A 4 AU 1] % Y @ A8y ---3.5.27
The Mux [+, in one dimension can be computed as:
Fign= Yo [Fiy + T - % Y @y Aéy 3.5.28

Using i, j, k for the direction of x, y, z respectively, the flux at the cell interface in three
dimensional forms can be written respectively as: \

_ TN
Fisy, =%[Fie +F]-1% 2 Tenxnlun

Fjay = AFjer + F.i] -V ) CYyn':{ynéyn > : ‘ 3.5.29

Fravw = ‘/Z[Fk vt F/\‘] - Z (an/127lézn

7

Substituting equation 3.5.25 into the first equation of 3.5.29 gives

Fivy, = [Fiv 1 +F] - V2 A Fipy, - : 3.5.30

Where A F; 1, change in flux between the grid point i and i + % is computed by

_AF
AFivy, = 3.5.31

Rewriting equation 3.5.4 in the form: of

%ﬁ’t_ = Soptlion g
X

1.e AUjry, =Fiay, ;
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Within the finite volume scheme, the simplest way to incorporate source term (i.¢ source
strength) into numerical method is to add on a point wise approximate of each cell. The resulting
Ricmann scheme is corporatz wizh the source term can be written in three dimensions in the form

of cquation 3.5.33 below;

! At * At
n — n 3 —_— — F .
L itk 7 UUK e (FH'l/Z,j,k - i-1/2,j,k) - 2y (rz(/h/.?,k 1J+I/2,k)

at . ,
- (Fijrssn—TFijho2) + Atqiy4 3.5.33

For a unidirectional syster, (i.e one dimension axis), the above discretised mode!l solving

cquation reduces to the form of

noo_

At - ~
b = U = (Figngg + Fiegy2) T A1G05, 3.5.34

¢

Fquation 3.5.34 is the general model solving equation known as Roc-Riemann solver equation.

Rewriting cquation 3.5.24 in terms of concentration, we have;

n —

At N
i+l C?""Z} (Fip172 '+ Fiogo) + Atqlyy

Equation 3.5.35 is the general developed model Roe-Riemann solver equation for determining

the concentration of carbon monoxide, CO emitted from motor vehicles.

4

v

3.5.3 BOUNDARY CONDITIONS
1. C(Xo, Yo, Zo, t)>0
For t> 0, Xo=0,'Yo =0, Zo = 0

orC (1,5, k)yfort>0,1=0,j=0,k=0
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foralli=0,j=0,k=201=0
3.5.4 SIMULATION OF THE MODEL

The above developed model was simulated manually and by visual basic program. {he

manual simulation and the code for the program were presented as appendix A and B

4

respectively.
n
10 N
9
8
7
6 5
?
5
4 ;
3 PR
) — _
booi-1 i it m
olvlalalal & v & 9 10 |
j
Fig 3.5.1 Rectangular net mesh x, y for finite difference derivative.
1, ] = cqual cell location in grid
n = time level t
1+l =nest grid point
C{; = concentration at the node i, j.
Ci41; =concentration at the nods i+1, j.
Fij = flux in the cell grid node i, j.
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Fivij = flux in the cell grid node i+1, j.
Fiyj = flux in the cell gric node i-1, J.
Fijor = flux in the cell grid node 1, j+ &
Fijor = Mux in the cell grid node i, j-1.
355 ASSUMPTION MADE AND SOURCE OF DATA USED IN CALCULATION
Assumptions
1. A constant car speed is assumed
2. Density of air is constant at 30°C
3. Dumission of carbon monoxide is constant at constant car speed.
4. Diffusion cocfficicnt of carbon monoxide/air system is constant at atmospheric pressure
and temperature.
5. A unit-directional transport of carbon monexidesin air is assumed.
6. Velocity of air is consiant at a givert height in the atmosphere.
7. Assuming the varlation in concentration is determined over 10 equal spatial of both time
' 9
and distance (i.e height) at 1, j.
3.5.6 DATA USED IN CALCULATION
a) Vclocity of air (U); range of value of velocity (0.5m/s — 2.5m/s) was considered so as to
show the effect of change in wind velocity to concentration distribution. This is based on
the assumption that we have calm and light velocity in the envirenment considered.
b) Density of air; a value of 1.16kg/m’ applies for condition of atmospheric temperature and
pressure (latm 30°C). -
c) Velocity of carbon monoxide existing depends on the vehicle operating condition. Values

range from 2.3m/s to 3.0m/s is considered in the conditions. The basis of the
consideration of two stroke engine cars operatinél‘a"t a speed of 25km/hr, (6.94m/s) and
temperature and pressure of 2300k and 1000kpa tQ:‘;\225,0kpa, the correlation was given by

Metghalachi and Keck 1932.
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d) Source strength (q); it could also be called the generation term. It is obtained under the
condition of constant car speed of 25km/hr and emission factor of 56.89km. A range of
().()0458g/m3s to ().01()33/11135 applies for 2300k temperature for a pressure range of 1000
- 2250KPa. The basis is the consideration of stroke engine operating at the condition
stated earlier.

¢) Diffusion coefficient (K); for purpose up to about 10 atmosphere or even higher, the
diffusion coefficient for a binary mixture of gases, A and B may be estimated from

b

Fuller, Schettler and Girding relation.

~of —

: Ty 7175y 11y 1
0X1 XT" X=X
1.0X10 [MA MBJ

P[(ZVA )0.33+ (ZVg )0.33]2

Kas =

. 5 . . . I
A valuc of Kap = 2.05 x 10°m¥s applies for the carbon monoxide/air system. This is
based  on the diffusion coefficient of carbon monoxide/air system is constant ai

£

atmospheric temperature and pressure.

3.5.7 NUMERICAL SIMULATION INPUT DATA

Y

From the assumptions stated in 3.5.5 and source of data used in the calculation (i.e the numerical

simulation i;]put data) are generated at equal intervals and tabulated as shown in table 3. below.
Velocity of air (U); Range of values of velocity (0.5m/s -- 2.5m/s).

Vclocity of carbon monoxice ; Range of value of velocity (2.5n1/s — 3.0:n/s)

Source strength  (q): Range of values {rom 0,00458g/m’s to 0.0103g/m’s, which is

i

0.000164mol/m’s to 0.000368rn01/111‘zs after dividing by the molecular weight of carbon

monoxide, CO (28g/mol).




Diffusion coefficient (K) is 2.95 x 19 m/s from the Fuller, Schettler and Girding relation.

“Height | Velocity of Air | Velocity of CO | Source Strength
(m) U (m/s) V (m/s) q (mol/m35)
1 0.50 2.50 _ 0.000164
2 0.70 255 - -1 0.000186
3 0.90 2.0 *10.006208
4 1.10 2.65 0.000231
5 130 270 0.000253
6 1.50 2.70 0.000275
170 2.75 0.000297
8 1.90 2.80 0.000320
9 2.10 285 0.000342
16 .12.30 2.90 0.000364
1l 250 3.00 0.000368

TABLE 3.1  Numerical simulation input data

b

Source: From Literature based on the correlation given by Metghalachi and Keck, 1982.

The numerical simulations were carried out at ground level. The concentrations were determined

as function of axial distance 10m for a simulation time of 10seconds. The simulation results were

presented 1n table 4.1a and 4.1b.
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’ CHAPTER FOUR

4.0 RESULTS AND DISCUSSION

4.1 RESULTS
Table 4.1 (a) and (b) shows the results of the numerical solution of the model.

The manually generated numerical simulation results are presented in table 4.1 (a) while table

4.1 (b) shows the numerical simulation results generated by computer programming.

From the results obiained, various plot of concentration with velocities of air, pollutant

£

speeds at different heights above the ground level/axial distance for input source strength were

made.

Table 4.1 (a): manually simalated result

"

Table 4.1 (b): programimed simulated result

]

Height above the | Velocity of Velocity of CO | Source Strength | Concentration of
ground/ axial ' Air V (m/s) q (mol/m’s) CO
distance U (nv/s) mol/m’
(m)

1 0.50 2.50 0.0001064 0.98
2 0.70 2.55 0.000186 0.95
3 0.90 2.60 0.000208 0.94
4 1110 2.65 0.000231 0.92
5 1.3C 2.70 0.000253 0.90
6 1.50 2.70 0.000275 0.89
7 1.70 2.75 0.000297 0.87 ]
8 1.90 - 2.80 " 10.000320 0.86 B
9 2.10 2.85 0.000342 0.85
10 2.30 2.90 0.000364 0.84
11 2.50 3.00 0.000368 0.82

@

He: © above the Velocity of Velocity of CO | Source Strength | Concentration of
ground/ axial - Air V (n/s) q (mol/m’s) Co
distance U (nV/s) mol/m’
()
I 0.50 2.50 0.000164 0.98
2 0.70 2.55 0.000186 0.95
3 0.90 2.60 0.000208 0.94
4 L16_ - [2.65 0.000231  [0.92
5 1.30 2.70 0.000253 0.90 B
6 1.50 2.70 0.000275 0.89
7 1.70 2.75 0.000297 0.87
8 1.90 2.80 0.000320  [0.86
9 2.10 2.85 0.000342 085
10 2.30 2.90 0.000364 0.84
11 2.50 3.00 0.000368 0.82 R
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4.2 DISCUSSION

4.2.1 Effects of Air Velocity

The plots of concentration against velocity of air and axial distance/height above the ground

evel are shown in figure 4.1 and 4.3 of appendix D. The concentration profiles for all the

components cxhibit expo;wﬂtial distribution. The exponential nature of the profile shows there is
a considerable decrease (0.98mol/m’ — 0.82mol/m’) in the concentration of pollutant as itis
being dispersed above the ground level, if only we éonsider the horizontal axis of figure 4.3‘ as
the height above the ground level. As the height above the ground level increases (1m — 11m),
the air velocity also increases (0.5m/s ~->2.5n"‘1/s), thus +leading to decrease (O.98mo!/m3 -

0.82mol/m”) in pollutant concentration (Boubbel, Fox, Turner and Stern, 1994).

This shows that there is better pollution dispersion as air velocity increases (0.5m/s - 2.5n0s),
thus diluting the pollutant. Also, from the figurcs, it was observed that at the same height above
the ground level, but at different air velocities, tiie pollutant concentration shows an inversc

relation with velocity.

Considering figurc 4.1 and 4.3, and taking the horizontal axis of “igure 4.3 as the axial
wind distance, as the air velocity increases (0.50m/s — 2.50m/s), the pollutant concentration
decreases (O.Qé?mol/m3 — 0.82mnol/in’)along the axial wind distance as a result of beter
dispersion of the pollutant which leads to its dilution. Also, at the same axial wind distance.
higher concentration of po]lutant occurred at a low air velocity than at a higher velocity. It thus
shows that the higher the air velocily,' the more the pollutant is being dispersed and the lower the

po'lutants concentration.
4.2.2 Effects of pollutant speed

Figure 4.2 illustrates the effect of pollutant speed. The concentraiion profile for figure 4.2

is similar to figure 4.1 (i.e they both exhibit exponential distribution profile), this implies that as

-the pollutant specd increases (2.50m/s — 3.00m/s), there is a considerable decrease (0.98mol/m” -

0.82mol/m’) in pollutant concentration as the height above the ground level increases (Im -

11m) as a result of dilution of pollutant as it rises up (Boubbel, Fox, Turner and Stern, 1994).
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At the samce height above the ground level but at different pollutant speed, the concentration is
inversely proportional to the pollutant speed. Also, at the same speed but at different height

above the ground level, the pollutant concentration decreased with height.
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CHAPTER FIVE
5.0 CONCLUSIONS AND RECOMMENDATIONS

51 CONCLUSIONS

The prediction of carbon monoxide concentration due to vehicular emissions as a
function of some physical parameters such as velocity of air, velocity of pollutant, heignt above
the ground level/axial distance and source strength was satisfactory due to the mathematical

model generated from Roe-Riemann based on the continuity equatioii.
Thus;

< Increase in air velocily (0.50m/s — 2.50m/s) decreases the concentration of pollutant
(0.98mol/m® - 0.82mal/m’) as the axial wind distance and height above the ground Tevel

increases (1m - 11m).
< Increasc in poilutant speed (2.50m/s — 3.G0ny/s) decreases the concentration of pollutant

(0.98mol/m® — 0.82mol/m’) as the axial wind distance and height above the ground level

imcreases.
9

Lastly, the model equation for the determination of carbon monoxide itom vehicular emission is;

at
n — n L ; T 5 . n
i+1 = G~ (FH% r.,'_%) + AL Qi

Where

F,+l =1, [Fi+1 + Fl] — AFL + 14
2

i

w

F,_1 = Previously calculated F, 1
2 2

RECOMMENDATIONS

1. To reduce pollution problems caused by vehicular emission of carbon monoxide, high
operating engine temperaturs and pressure should be avoided to prevent the generation of

carbon monoxide caused by incomplete combus_tidh of unburned fuels which are emitted

at great speed.
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0.

The most advanced air quality model should be compared against one another and against
ficld cxpcrimcnta:! obscrvation results using a detailed and accurate set of input and
verification data.
Further rescarch is needed into the use of model that relates indoor exposure (o outdoor
air quality. Onc that will show rclationship between emission source and human
cxposure.
Simulation should be carried out using other computer programs like ChemCad to check
their accuracics.
Reliable mass transport system will greatly reduce the number of vehicles on our roads at
any given time and therefore emissiéns.
[n Nigeria, the refincrics should be fully evaluated with the aim of redesigning them to
producc entirely unleaded petrol in the very near future.
Importation to supplement local production of petrol in Nigeria if necessary should be
unleaded as far as possible. "
Communication systems particulaily wire and wireless will greatly reduce travelling
within and outside our places of abode and will reduce emission.
Individuals can also mcke a difference in the effort to reduce pcliution from cars by;

. ”Simplc vehicle niainienance. |

» Parking vehicles in shade during warm periods with strong sunlight can keep a car

cooler and can minimize the evaporation of fuel.

* Choosing a place to live that reduces the need to drive.
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K

M

Muir

VI

P

NOMENCLATURE
Jacobian matrix in x-dircction
Cencentration of pollutant, mol/m’
Diffusivity of the pollurtant, m’/s ,
Flux of diffusion relative to motor average velocity,'mol/mzs
Eddy diffusion m?/s ’ v
Moleccular WCighl;0(130”Ulanl’, g/inol
Molecular weight of air, g/mol
x-direction flux, mol/nis
Source strength, g/1313s
Time of dispersion, s
Temperature of the surrounding, k
Velocity of air in x-dircetion, m/s
Mean component of the wind velocity, m/s
Deviation of pollutant speed from imean component, m/s
Po]lutam speed in x-direction, m/s
Mean of pollutant specd from component, m/s
Deviation of pollutant speed from component, m/s
Density of pcﬁ)lluta'nt kg/m®

Eigen value in x-direction

Eigenvector
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Skt vy

‘

U Changg in concentration

pAY Diffusion volumes for simple molecule

Kay  Diffusion coefficient of air-co system.

Subscript

A Air component

B Pollutant componi:nt
n Time lcvclﬂ

1] Ccllnlocation in grid

i+1 Nextpoint in the grid

X in the x-direction
y in the y-direction
z in the z-direction .
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NUMERICAL SIMULATION CALCULATION

Al

ALl

APPENDIX A

Using the boundary conditions stated in section 3.5.3 and figure 3.5.1, n is the time level
0 to 10scconds) where At = 0.1sce, M is the division in axiai distance of 10 equal parts
and simulation time of 10seconds. The length of each axis i1s 10m and the change in
distance between two points is Im (i.e Ax = 1m). Taking the change in concentration

between two pointstin grid is equal to change in time level. Then;
At=AC=0.1

Where
At=0.1sec

And AC = 0.1 mol./m3

From table 3.1, using the first set of input data

U=0.5m/s, V=2.5n/s, q= 0.000164mol/m’s, K = 2.05 x 10°m%/s (this value is

constant throughout).

Note; At=AC=0.1, Ax=1m and let CJ = 0.1mol/m’ (initial concentration at timce level

ZEro),

From equation 3.5.22, AC = 0lmol/m’

From equation 3.5.20, the eigenvalues is calculated as
A =U,+V,=0.5+2.5=3.0m/s

Froni equation 3.5.14, flux of grid point i + 1 is calculated

4

. ) AC
Fipg = Us C+CQ V. — K 55

AC ’
Fipq =C3 (Uy+Vy) WKH >
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Where

U,=0.5m/s, V,=2.5m/s, C= O.lmol/m3, K =2.05x 10 m%s, AC = 0.1mol/m’

At=0.1 sec“’

Ax=1m J these values are constant all through the calculation.

By substituting into the above equation 3.5.14,

—5 .
Fiq = 10.5 +2.5) - 2222222 .
= 3.000mol/m’s
Change in grid flux betweer: the grid point i and i + 1 is calculated from equation 3.5.24

AF =3 ACA,&,,

Equation 3.5.25 considers only one axis, therefore, the use of summation will not affect

any change.

Hence, AF = A, A, e, for a unit eigenvector i.e &; = 1, the change in flux equation reduced

to the form;
AF =2, AC
=3x0.]
< 0.3mol/m’s
Now, flux at grid point ; can be calculated as;
F;=F;+;—AF
= 3.0(30 - 0.3
= 2.700mql/n125

]

Change in flux between the grid point i and i + % is
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-~ AF 0.3 2
Al = CRCE 0.15mol/m’s

The flux at grid point i +1/2 can be calculated from 3.5.19
Fivy =Y ‘[Fu pHF] =V x AFi
=% [3.000+2.700] - Y2 x 0.15
=2.775mol/m’s

Now, we assume the change in flux between the grid points 7 and i + ¥ is equal to the
opposite sidﬁe flux (i.e AF; v12= AF;10).
Hence, AF; .. =F;- AFi¢ vy,

=2.700 - 0.i5

= 2.550mol/m?s

Using Roe-Riemann solver (equation 3.5.35), concentration at the grid point can be

1
calculated as:

n _rn at » 0
i+1k = Cijre =5 Fir gz — Ficayz i) + Atgs

9

Where

C?= 1mol/m3, At=0.1sec, Ax=1m, Fi+y,= 2.775mol/m25, Fi_y=2.550mol/m’s,

q° = 0.000164mol/m’s

Substituting,
€9 =1-21(2.775 - 2.550) + 0.1 x 0.000164

= 0.98mol/m’
A.1.2 Using the same procedure for the second set of input data (from table 3.1)

U, = 0.7m/s, V, = 2.55m/s, q; = 0.000186mmol/m’s, K = .55 x 10°m*/s
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The new change in concentration is;
AC =Cg - ;Ci’
=1 0.978 = 0.022mol/m’
A=U+V,

=(.7+2.55=325m/s

»

New flux at next grid point i + 1 is;

ac
Fiai :Cf .(Ux+vx)_KZ);

= -5
Fio1=0.978 x 3.2 - 22502 X022 ~3.1785mol/m’s

Flux at grid point i will be flux previously calculated as i + 1 (i.e new F; = old F; 4+,

calculated before).

Therefore, F; = 3.000mol/m’s (calculated previously as F+ 1)

New flux at grid pointi + Y5 is
F,’+% =1 [F,’+1 + F,']‘— 15 AF

AF is change in. flux between the grid points i and 7 + ! is computed as:
AF =), Aé =3.25x 0.022
‘ =0.0715mol/im’s
| Fivy, =% [3.176 + 3.000] - %2 x 0.0715
=13.0535mol/m’s

Fi.y = 2.775mol/m?s (previously calculated F; 4 1, ).

The concentration at thenext point in the grid C? can be calculated using equation 3.5.35

(discretized reduced form of Roe-Riemann solver equation).

”

C3=Cf — 2 (Fivy-Fry) + At g3
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C}=0.978 - 22 (3.054 - 2.775) + 0.1 x 0.000186

C = 0.95molim?
A.L3 Using the same proccaure {or the third set of input data

Ue=0.9m/s, V, = 2.6m/s, g% = 0.0002082mol/m’s, K = 2.05x10 m?/s

AC =0.978 - (.950 = 0.028mcl/m*

A=094+2.6=3.5m/s

Fi.1=0.950 x 3.5 . 293X 10: X002t = 3.3250mol/m?s

F;=3.1785mol/m’s (calculated previously as F; ;)

AF =),AC =3.50 x 0.28 = 0.098mol/m’s

Fivy="[3.3250 + 3.1785] - % x 0.098 = 3.20275mol/m"s
Fi .y, =3.0535m>ol/m’s (calculated previously as F; 4 1)

Hence, C5 can be calculated as

i

C3=C— 2 (Fivn-Fi) + At g2
€3 =0.950 - 22 (3.20275 - 3.0535) + 0.1 x 0.0002305

C% = 0.94mol/m’
A.1.4  Fourth set of input data
Ue=L1m/s, V, = 2.65m/s, g = 0.0602305mol/m’s, K = 2.05 x 10°m?s
Now, AC = 0.956 ~0.935 = 0.015mol/m?
A =1.1+2.65 =3.75m/s

Fit%=0.935x3.75 - 2.05 x 107 x 0.015 = 3.5062mol/mZs

*

49




A e s A K558, 5 e - ~

F; = 3.3250mol/m’s (calculated previously as Fy vy, in A.1.3)
AF=3.75x 0015 = 0.05625mol/m%s

Fiin = % [3.5062 + 3.3250] - ¥ x 0.05625 = 3.387475mol/m’s
Henee, G = C3 - 22 (Fru, - Fyoy) + At g
C3 = 0.935 - =2 (3.387475 - 3.20275) + 0.1 x 0.0002305

C3= O._()2n.10]/m3
A.1.5 For the fifth set of input data.
Uy=1.3m/s, V. =2.Tm/s, q2 = 0.0002528mol/m’s, K = 2.05 x 10°m%¥s
AC =0.935 - 0.917 = 0.018mol/m”
A =1.3+42.7=4.0m/s
Fis1=0917x4.0-2.05x 107 x 0.018 = 3.6680mol/m’s
F; =3.5062mol/m% (Fiv1inA1.4)
AF =4.0 x 0.018 = 0.072mol/m’s
Fivy,=1[3.6680 + 2.5062] - ¥4 x 0.072 = 3.5?1 Imol/m’s

Fi. = 3.387475mol/m?s (Fi+vin A.1.4) N

Hence,

3 At
Ce=C3 — o Firv - Fioy) + At qs

Cs=0.917 - 0.1 (3.5511 - 3.387475) + 0.1 x 0.000258

C¢ = 0.90mol/m’
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A.1.6 For the sixth set of input data
Us= 1.5m/s, V, = 2.75m/s, g = 0.0002751mol/m’s, 1\ =2.05x 10" m’/s
AC=0.917 0901 = 0.016mol/r’
Ae = 1.50+2.75=4.25m/s
Frv1=0.901 x 425 -2.05 x 107 x 0.016 = 3.8292mol/m’s
F; = 3.662;011101/11125 (from previous caqlcuiation)
AL =4.25 x 0.016 = 0.068mol/m’s
Fiiy= Y% [3.8292 + 3.6680] - Y x 0.068 = 3.71,w;16x1101/’111zs

[, =3.5511 mol/m?s (previous calculation of F; 1 ).

Hence,

C8 = C4 — 2= (Fruy- Fy) + At g
C2=0.901—-C.1(3.7146 - 3.5511) + 0.1 x 0.0002751
Cg = 0.89mol/m’

A.1.7 Using the seventh set of input data from the table 3.1
Ue=1.7m/s, V, = 2.80m/s, g§ = 0.0002974mol/m’s, K = 2.05 x 107 m%s
AC =0.901 - 0.885 = 0.016mol/m’
A = 1.7 +2.80 = 4.5m/s
Ty =0.885 5 4.5 ~2.05 3 10° % 0.016 = 3.9825mol/m’s
F; = 3.8292mol/m’s (from previous calculation of F;4 ;)
AF = 4.5 x 0.016 = 0.072mol/m’s
F,-+:4 =14 {3.9825 + 3.8252] — 15 x 0.072 = 3.8699mol/m"s
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Fioy, = 3 7146mol/m’s (previous calculation of Fiy ).

Hence,

€= CF -5 (Fv - Fron) FALGT
C$=0.885- 0.1 (3.8699 - 3.7146) + (;)il x 1.6002974
C$ = 0.87mol/m’

A.1.8 From table 3.1, the 8" scts of input data are:
U, = 1.9m/s, V, = 2.85m/s, G2 = 0.0003197mol/m’s, K = 2.65 x 10°m"/s
AC = 0.885 - 0.869 = 0.016mol/m’
A = 1.9+2.85=4.75m/s
Fiv = 0.8(;9 x 4.75-2.05x 107 x 0.016 =4.1277mol/m*s
F; = 3.9825moY/m’s (taken from F; 331;1 A.1.7)

AF =475 x 0.016 = 0.076mol/m?s

Fivy="%[4.1277 + 3.9825] - %2 x 0.076 = 4.0] 71mol/m"s
F; = 3.6899mol/m?s (from F; 4y, 'i’n"A.l.7)K
Hence,
Cg =C3 —fi (Fivv-Fi v+ At qf
C3 =0.869 0.1 (4.0171 - 3.6899) + 0.1 x 0.0003197
C% = 0.86mol/m’
A.1.9 Using the 9" sets of data from table 3.1

U, = 2.1m/s, V, = 2.90m/s, g5 = 0.0003420mol/m’s, K = 2.05 x 10°m?%s

AC = 0.869 — 0.854 = 0.015mol/m”

i
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e =2.142.90=150m/s:

.5‘.4‘—‘:74}27()()1110‘/ m’s

.: 'TQ‘;' +1=0.854x 50~ 205 X .10:5 ‘X i
: A ‘ “

F, = 4.1277mol/m’s (previous Fi 1) -

AF = 5.0 x 0.015 = 0.075mol/m’s

H

iy =Y [4.2700 +4.1277] - /2x 0.075 = 4.16135mol/m’s

Fioy,=4.017 Imol/m®s (previous Fi 4 v).

Hencee,
C§ = C] ~ 2= (Frv - Fiv) + At g§
C8 = 0.854 0.1 (4.16135 - 4.01’71? + 0.1 x 0.0003420
CS = 0.85mol/m’
A.1.10 The tenth set of data from the table 3.1
Uy =2.3m/s, V, = 2.95m/s, qfo,=‘().0063643}1101/1113s, K =:2.05x 10 m%s

>

AC = 0.854 - 0.840 = 0.014mol/m*
he =2.3+2.95=525m/s

Frv1=0.840 x 5.25 —2.05 x 10° x 0.014 = 4.4100mol/m’s

g N 1
i d :

F; = 4.2700mol/m’s (pfeviojulsfFf + 1)

AF =525 x 0.014 = 0.07351551/m2s

Fisy =Y [4.4100 + 4.2700] — ¥ x 0.0735 = 4.30325mol/m’s
F;., = 4.16135mol/m’s (previous Fi ).

Thus,
]

i
10 = Lg “‘A—x"( i - Fiow) + At qg,
|3 .
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ALl

€0 = 0.840 - 0.1 (4.30325 - 4.16135) + 0.1 x 0.0003643

C{o = 0.84mol/my’

The eleventh set.of data from the table 3.1

i

Uy = 2.5m/s, V= 3.0m/s, g1 = 0.0003679mol/m’s, K = 2.05 x 10 m?/s

AC = 0.840 - 0.826 = 0.014mol/n1’

A =2.5+3.0=55m/s |

Fiy 1= 0.826x 5.5-2.05 x 10° % 0.014 = 4.5430mol/m>s
[, = 4.4100mol/n’s (previous F; 4 1) |

AF'=5.5 % 0.014 = 0.07 7Tmol/m’s

Fiiy, =Y [4.5430 + 4.4100] - % x 0.077 = 4.4380mol/ms

Fi. v =4.30325mol/m’s (previous F;. %)

Thus,
10 _ 9 At .. -
Ciy =Ciy - . (Fivs - Fioy) + At Q11(1) 1

Ci? =0.826 - 0.1 (4.4380 — 4.30325) + 0.1-x 0.0003679

%G

C1Y = 0.82mol/m’
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APPENDI

u = Mvelocity of air in w/s”

v, = "velocity of CO inm/s”

p— . - e H - A
qy = "Sourcg strenght in mol/m”3

Uy

0.50.
0.70,
(.90
1.10
1.30
1.50
1.70
1.90
2.10
2.30
2.50

At
(C:i+l)ll - (Cl)n e ¢l
’ Ax A i
2 Y
’ .
At=0.1"5s
Ax:= |- m
n12
ki= 2.05-107° . —
S
first_value .
mol
Aci= 01—
3
m
o= 1022
/0 - . 3
m

S st s

y FMW + At - (qu)”

XB

* g

Vi T (x =
2.50 0.000164
D35 0.000186
2.60 0.000208
565 | 0.00023 1
2.70 0.000253
275 0.000275
280 0.000297
2.85 0.000320 |
2.90 v 10.000142
2.95 0.000364
3.00 0.000368

0

Roe-Riemann Solver

this is initial concentration at time level zero
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o,

425

Fiux at grid point i+1 is i=0

m
u, = 050 — v, = 250 —
X s X s

L)

Ac
Fioj=C -(u, +v,)—-k~-——
I it X, X, Ax
. mol
I‘iH = )“”:"“" i
m-s

Change in grid flux between the grid point i and i+1 is

Let en = |

A, =3.0-

AF = ZKX] - Ac - en

since we are considering cne axis, unit 2igen vector, en = 1

AF = ?\Xl - Ac

mol

AF =03 ——
2

m -s

lux at grid point i is

Fi = FH-] - AF

m

s




mol

m’ s

change in flux between the giid point iandi+ 1/21is

AT g1 Mo
D 2,

m s 1

}‘i =

Using Roe- Riemann Solver:

Concentration at the grid point can be calculated as

mol

2
m -

n - n At 3 § 0
( ).. Lk (C )i,jk 1 Ax C”‘ o FF; '>J + At (Cl )1
2" 27
l !
q, = 0.000164 - —= Fo= 2775 _mol
l mj * S 2 l—nz S




= LL]O—] At== 015 CoAxc=1eom

2
m

At
Cyi=Ch—~—- /" —F N+ At-q,
| 0 Ax <.l. ’)> X,

1. ‘ I 3 mol
Cpo 1 mol Pl—q (27575 - 2.850) - -—'319{| 0.1+ 5 0.00016:4 - -»-51--

-

n [-m m--s m-s
mol
) =098 —
Second_value m ,'
i ' -
0.7 = 255 =2 0.000186 - -2
u, =07-— v, = 255 — ooq, = 0. 80 -
X ) X SN B¢
2 S 2 5 2 m3 S
The new change in concentratici is

. ma!

AC; = 0.02—

m
m
A, = 325-—
) s

)
’
New flux at next grid pointi + 2 is
7

Flux at grid point i will be flux previcus calculated as i + 1, that is

Fi = Fi+l ‘
2

mol

Pl =0

-
<

2
m s

New flux at grid point i+ 1/2 is
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i 8

ST

’

mol
Al = .07 ———
2 N )
m- s }
: ! V) A
P 5 (l"3 ' lw) T,
. mol mol
l‘mz = ‘.05—‘2— .
2 m S =
]:»(;)2 = Fi
A N :
H
277 mol
I 2 T T ’
> m '.S 1 .
Using Roe-Riemann Solver
At:=0.1-5s Ax:i=1-m ' S ol
Cy=0978. —
_, ! m’
4 ¢
] : mol
q, = 0.000186 - —- F iy = 3.052- .
X, 3 : 2 —(2
m’-s . 5 m°-s ( :
2 ,
At — v
Ch=Cy=—-F ., ~1 +AL-q,
2 | AX L(l)2 (1)2
2 2 _ .
mol  0.1-s mol mol N
Cy= 0978 — -~ . <3.052- -2.775- > +0.1-5s- 6.000186-
3 'lem 2 2
m m”-s m” -
] mol
Cy=095— :
m
Third_value ; !
u, = 0.90 - o C v, =260 - LU ‘ :
3 S : X3 : S '
\ qy = 0.000208 -
. 3 , ,
The new change in concentration is ! :
" : @
AC3 = Cl - (2
inoi
AC3 = 0.03 ——
ll]j ‘
b, =35
s . '
New flux at next grid pointi+ 3 is 59
H

= 2.775-

m - s

N

mol

m’

mol
3 )
m -

-8




: . AUy
Fipame Gy (ux1 + va) -k -

mot

Py =333 ——

m - S 5

o

Flux at grid point i will be flux previous calculated as i+ 2, thatis

Fi = T mol

[
: | Foo= 38—

New flux at grid point i + 1/2 is

APyi= k- ACy

X3
ol
AF; = 0.1 ———
2
m -S
o Lo
Fin= Py ("‘i+3 T Fi3) o Al
2 . mol
(i3 5
2 m S
Vo F iy ' ‘ E o 3,052 mol
S (2=
2 nm -s
r 3.05 mol
(i3 — 2
2 m - S
Using Roe-Riemann Solver
At:= 0.1 s Axi= 1o Cpi= 095
3
m
q, = 0.000208 _mol_
3 ln3 -8
M .
Cyi=Cy - ~ 'rl’(m —F_ gy | A Ay
<L - 3
) mol  0.1-s nmv. nol
Cyi= 095 T - == (3203 - 3.053) - =+ 0.1 -5+ (0000208 =
m I-m m?.s -
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(q =091 —
m
Fourth_value
m .om
u, = 1.10- — vy 1= 2,65 —
o4 S 4 5 mol
q, = 0.000231 - —
. 4 m -s
The new change in concentration is
4= Chy = C ‘ mol
ACqi=Cg G5 ACy = 0.01 2=
i
Ay = 375
T
New flux at next grid point i + < is
. 1
v ACy
Y4 T /3'(Ux +Vx)—x\'""—‘ |
4 4 Ax F”4 =3.51 _‘“0
' m s
Flux at grid point i will be flux previous calculated as i + 3, that is
kil
l‘i4 = T mol
F; = 333 e
, N
m -s
New flux at grid pointi+ 1/2 is
L\F4 = }LX . Z.\CA
4
| AF, = 0.06 “;0'
m” s
i 1 - ’ 1
Foooom =g+ F )= = AF
()4 i+4 i ) , 4
2 2 ( 4 4 1 mol
F(i)4 =339 .
27 m -S
F_oya = P F s : 3.2. _mol
2 2 :, m2 - S
50 Mol
“(.1;4 o 2
2 m S
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*

Using Roe-Riemann Solver

mol
At:= 0.1 -8 Ax:: T-m C3 = 094 . —

m’

Cy=0Cq gF ., ~F b+ At-qy
4 3 Ax ‘:(12)4 <71)4t] Xy

[-m

| R 1 mol
Cyim 0.94- - - 018 (339-32) 22 4015 @000231 = >
11]3 1“2 N \ m -

mol
Cy=0.92 —
m
Fifth_value
mol
u = 130 = v =270 = g, = 0.000253 - ——
5 s s ] 5 m s
The new change in concentration is
Aesim k3t AC< = 0,021}
,5 . 3
m
m
A, =4 —
) S
New flux at next grid pointi+ 5 is
. c « LCg
e=Cuhfu, + v - Ko-—
e ( %s Xs) Ax
|
Fi s = 3.68 ——
) m -s
Flux at grid point i will bé flux previous calculated as i + 4, that is
} )
F. =F,
1 i+4 l
5 F, =3.51 —
i 5
m -S§
New flux at grid pointi + 1.2 is
AFS = )\XS . ACS ©ol
AFs = 0.08 —
2] nl <
N . 1
F(I?S = E'(FHS'F l:l ) "2"AF5 mol_

o 5 F(‘)s =3.56
62 - m--s
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F*f(i)5 = I:(lM . mol

2 2 F(i)4 = 3.39 -
2 m S
. mol
I*_(i)5 =33 -
) m”-s
Using Roe-Riemann Solver
ol
At:=0.1-5s Ax:=1-m Cy=1092- —
, -

At
Ce=Cyu-—-F =1 _1+At-q
5 4 A« [(17)5 (2»5] X

des 1 nol
Cgi= 092 mob 018 356-330). 0 g5 @000253 : 11——)
3 1-m 2 3
in m -S m -
. n:ol
(/5 = 0.9_';
m
Sixth_value
m m mol
ug = 1.50 - — Vg = 275 — Qg = 0.000275 -
6 3 ’ 6 S o m3 S
The new change in conceniration is *
AC6 = C4 - Cg
) i
) ACg =002
m3
ki
m
A, =425 —
6 s
New fiux at next grid pointi + 6 is
ACq
FH,().'—‘— CS . (UX -+ VX )—k —_——
\ 76 6 Ax mol
’ Fi+6 = 384
} ’ 2
m s
Flux at grid point i will be flux previous calculated as i + 5, that is
F. = F;
1 i+5 ’ 1
6 Fj =3.68——
6 l’n2 <3
New flux at grid pointi + 1/2 is
AFg:= A - ACq
1
6 AFg = 0.07 ——
m -s

63



[ . .
e —z_'(["”' - I-i(‘)—g»/w(, Co ol
2 (i)(v -
5 m s
| S 3 . ) mol
- (D)0 [€3N] | (‘)5 = 3.50
2 2 2 m s
9
. ~ mol
l"(i)é =3.56
5 m-s
Using Roe-Riemann Solver
mol
At=0.1-5s Ax:=1-m C5:= 0.90--—3
m

. 0l-s I 10l
Cg = 0.90- 1503—1 OIS 64— 3.56) ";O +0.1-5- 6.000275 : —%‘—}

m l-m m2.s JNE

C. =089 mol
,6 s . p 3
m
Seventh_value
m m mol
u, =170 — v, =280 — Qy = 0.000297 -
7 S 7 S 7 m s
The new change in concentration is
AC’] = CS - (‘6
_3 mol
AC,=797x 107" —
1113
[
)\’ = 4.50 ’ m
00T s
New flux at next grid pointi + 7 is
F,=C AC;
7= -u,+v,)— _
" 6 ( o Ax mol
Fi7 = 4.01
m -Ss
Flux at grid point i will be flux previous calculated as i + 6, that 1s
F. = F
.- i+6 hol
’ ' 'R =384
7 m -S
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P

g

New flux at grid pointi+ 1/2 is

Ty - ACS 1
AF; = ?\X7 AC; AL = 0.04 mo
. 3
‘ m- s
i
I (i1 = "2‘ (II+7 +~[‘l ) - AF7
. . 3 mol
- Fiy =
2 m-s
. - 372 mol
=T e = e T
Foir= P ) s
2 2
mol
F—(i)7 =372——
12 s

’

Using Roe-Riemann Soiver

Cp= 089 22
At:=01-5s Axi=1-m 6" 3
- B m
@
AP N s S At
77567 4 [ (7 ~ —(Ai);:l T Ax
2 2
| mol ]
Cq o= 0.89 -~ ~ 015 3o1-372) 22 4015 (0.000297 - —
m’ I-m m? s -
mol
Eighthi_value m
» ]
u, =190 = v, =285 = q, = 0.000320 - ——
8 S 8 s 8 3
m -S
The new change in concentration is
3
ACg = C6 - C7
|
ACq = 0.02 =
lﬂ3
m
A, =475 —
Xg s
New flux at next grid pointi + 8 is
Figi= C V- k. Ak b
‘i’FS = 7 . (UX + VX —_— . — 1
8 8/ Ax Fi,g=4.14 n;o
m S
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R i S o

Flux at grid point i will be flux previous calculated as i+ 7, thatis

Fo= P . moi
3 F. =401

m -s

New flux at grid pointi + 1/2 is

AFg:= A - AC
8 Xg 8 AFy = 0.09 mol
1112 ©S5
S : N
Pl =5 (FM + rig) -5 ARy
2
. 403 mol
(OL 2
2 m S
L - 301 mol
F_iys = Vep Fliyg =3
: 5 5 5 m S ¢
g _ 191 mol
, ~(yg =TT
¢ 2 m - S
Using Roe-Riemann Solver
At
Cegi=Cqy——-{F .. -F + At q
8 7 Ax [(1)8 —(1)8:] Xg
. 2 2
mol 0.1 ]
Cg = 0.87 - T - =2 (403 - 3.91) . —— 4 0.1 -5 @000320- mol
m’ 1-m m’ - s !
x " m s
m:l
C8 =0.86 —-
3
m
] ‘ 1
Ninth_value '
. . mol
u, =210 2 v, =290 = - Oy, = 0000342
9 s “9 s m -s
The new change in concentration is "
ACy:= C5 - C [
9= M7 78 ACq = 0.01 —=
m?



New fiux at next grid pointi + 9 is

, ACy
I 9= Co-fu, +v . }—Kk-
19 8 ( X, . ‘\o\, AX Fipo = .29 m()_l‘
R m2 .S
Flux at grid point i will be flux previous calculated as i + §, thatis
In( = Fiig mol
) F, =4.14——
9 2
- . m S
New flux at grid pointi + 1/2 is “
A= Ay +ACy mol
? AFg = 0.06 ——=
m-s
o . . [ F
Pl =5 (r‘l,,q + Iio) -3 AFg
2 F _ 418 mol
(i " 2
. 2 m - s
P 403 -2
3 — [ (iyg T
Foyo = Fras ! m’- s
2 2 |
mo
F_(ipo =403 ——
2 m -s
Using Roe-Riemann Solver
. At = '
Co=Cg = l:‘ (o ~ F;(i);l Aty
2 2
I 01-s- 1 ]
Cgi= 0.86- 1% - 2222 (418 - 4.03) - ~2— 4+ 0.1 - 5 - (0.000342 - ———
m’ I-m m’ 3
mn - S m -
‘ -3
Cg = 0.85molm
Tenth_value
mol
m m q, = 0.000364 -
u, = 230-— v, =295 . — X -
X0 . s X0 s 10 m s
The new change in concentretion is
AC]O = C8 - C9 mol
ACyo =601 —

m

a7



New flux at next grid point i + 10 is

ACyo

Firo= Ce -(u, +vy ok ——
i ) X0 . \1()) AX Fiopg = dbd mol

Flux at grid point i will be flux prévious calculated as i + 9, that is

Filo = Fivo F. =429 _mol_
Yo
' m -s-
New flux at grid point i + 1/2 is
AFI() = )\.‘( . ACIU
: mol
1o AFyg = 0.07 ———
m” - s
+
o !
Fiyo = 5 (Fmo + Fi'o) -y AT
2 ' P 4 mol
(i)y1o ~ 33 2
2 m S
4
- . ' ] mol
F_yio = Fip Fiipo = 418 —
2 2 2 m”-s
.. _ mol
I'—(i)lo =418 -
Ty 2 m -s

Using Roe-Riemann Solver

L At o
Cipi=Cy - " -‘|:r(i)2m-— I _(;)IO:I + At-qxlo

ool 1
Cpgi= 085 0 == (433 - 4.18)- 01 <).000364~ i?‘—)

m ) m -s m -

mol

m
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Eleventh_value

m m

- 2.50 - — = 3.00 — l
U 0 Vg, 0 4 5= 0.000368 - =
i m -s
The new change in concentration is
ACy = Cg = Cpg 3 mol
ACH =10x 10 -
m
11
A, =55 —
Y s
New flux at next grid pointi + 11 is
F C gl
Gen = Gy (uy, +V -k
. 10 ( Al ; X”) Ax mol
Fiopp = 4.59
m s
Flux at grid point i will be flux previous calculated as i + 10, that is
T F, =444 _mol
11 2
m s
New flux at grid pointi + 1/2 is
AFH = )\'X . AC]]
" mol
AF” =0:05
2 1112~ S
1, !
Fn :5'(I‘i+ll'+ Fi ')‘T,'AFH
) "p 4 - mol
Flyn =449 —
2 m S
. o _ mol
F_ o = Fayro Fiyio = 433 —
2 2 2 m -s
ki
mol
iy =433——
o oy
K
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Using Rece-Riemann Solver

At —
Cpy= ClO“Z;'{-F(i)zn - F—(L)ll:-]+A['qX1}

1

.

A I !
Cyyi= 0.84 i“—(:— B T—_s (4,49 - 433) - ”;O +0.0-s- ().000368 : —";—0-—>

m - m m--s m motl

5

3
- B m
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APPENDIX C

a. Density of Air (p)

FFrom the general gas cquation,

PV =nRT
pV =ZRT
M
P = m X RT
14 M
RT
P= p‘l\-fl—
PM
p=— .
RT

where .

P = atmospheric pressure (atm)

M = molecular mass of air (g/mol)

m = mass of air (g)

R = gas constant (atm.cm’*/mol.k)

T = temperaturc = 30°C = 303K !

Therefore, p = X291 1658 x 107g/cm’ = 1.1‘658kg/fn3

82.1X303

b. Diffusion coefficient (Kap) of carbon monoxide/air system frora the Fuller, Schetiier and

- 10X 1077 X j‘”s X [ﬁ X 2
p[(EVA )0.33,* (EVB )0.33]2
Where
T = atmospheric temperature of 30°C
p = atmospheric przssure of latm
XV = atomic diffusicn volume of air = 18.9

XVy = atomic d;iffusion of CO=120.1




Ma = molecular weight of air = 29¢/mol

Mp = molecular weight £ CO = 28g/mol

Keouir=

1.0x 1077 x 303175 x (1/,+ 1/,)1/2

=2.05x 10° m?/s

28.40451004
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PPENDIX D

. f\“’

_ Moo
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velocity of air (m/s)

Figure 4.1 Concentration of CO (mol/m*) against velocity of air, V (m/s).
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velocity of CO (m/s)

Figuvrc 4.2 Concentration of CO (mol/m?) against velocity of CO, U (n/s).
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Figure 4.3 Concentration of CO (mol/m’) against Height/axial distance above ground level (m)
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