
consideration has been represented as life factor in this
study. Similarly, the variation in overlay thickness as
per design for both configurations has been presented
as thickness factor. The thickness factor ranged from
0.82 to 0.95 and the life factor was about 1.56 to 1.57
across all the samples. The mean, standard deviation
and coefficient of variation of the results are shown in
Table II.

TABLE II
SUMMARY OF RESULTS

Thickness
Factor

Life
Factor

Mean 0.9 1.56
Standard Deviation 0.038 0.005

Coefficient of Variation 4.24% 0.32%

Where,
• the Thickness Factor is the ratio of overlay P-401

thickness as per design for parallel taxiway case
to that for central taxiway case, ceteris paribus

• the Life Factor is the ratio of structural pavement
life of runway for parallel taxiway case to that
for central taxiway case for identical pavement

IV. CONCLUSION

The result discussed above has significance in air-
side configuration planning and associated economic
analysis of runway-taxiway system. Beside the known
benefit of parallel taxiway for runway capacity as it
allows significantly lesser runway occupancy time as
compared to central taxiway for each aircraft move-
ment, this study discusses additional benefit in terms
of greater pavement life and/or economical overlay
design. However, this could be offset by the ad-
ditional land acquisition cost, and construction and
maintenance cost of greater area of parallel taxiway
in comparison to that of the central taxiway. There-
fore, airport-specific cost-benefit analysis should be
conducted before any airside features planning by
considering all known costs and benefits.

Moreover, two aircrafts operational in Nepalese do-
mestic air transport but not included in FAARFIELD
library, namely ATR 72-500 and Xian MA-60, have
been added in the course of this study. The aircraft
characteristics can be added to the external XML
library of FAARFIELD as required for any design or
evaluation works.

Also, this study was limited to a single fleet
mix (similar to the kind commonly encountered in
Nepalese domestic air transport) and hence, may not
fully cover all the possible variations in pavement de-
sign and evaluation. Therefore, a more comprehensive
study with various probable fleet mixes including that
of international airliners should be conducted for a
complete understanding of this subject.
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Abstract—Ozone gas is now-a-days used for treatment of
drinking water, disinfection, and air-purification. What one
requires is a small and handy unit to be plugged into mains
to get ozonated air at suitable pressure flowing out from a tube.
It can then be let into environment or bubbled through water
or any other polluted liquid. But the gadget must be completely
safe to work with. Ozone generators invariably make use of a
discharge tube to which a high electric field is applied so as
to break down the oxygen present in the air. This phenomenon
occurs at or near a field strength of 25 kV/cm, and the resulting
discharge that takes place is known as Corona. The corona has
a light bluish glow. It is in this corona field that oxygen becomes
ozone (O3). Ozone generator presented here has a capacity of
producing 10 mg/minute of ozone Combined with atmospheric
air. This unit can treat five liters of impure water in just two
minutes. Complete disinfection of water, in any impure form, is
realized with an ozone Content of 4 mg/liter. The discharge tube
is supplied air from an air-group, which is built into the unit.
The unit produces ozonated air at a pressure head of 15-20 cm
of water via its outlet. So, the exit tube can be let into water
containers with water up to a level of 10− 15 cm.

Index Terms—Air-purification, Ozonated air, Corona

I. INTRODUCTION

Ozone is a colourless to slightly bluish gas which is formed
when oxygen is exposed to UV radiation or an electrical
charge. The oxygen molecules (O2) split to form ozone
molecules (O3). This is a very unstable arrangement and
the third oxygen molecule will split off to oxidise the first
pollutant with which it comes in contact. The pollutant is
destroyed, and oxygen remains. Because of its powerful oxi-
dising ability, ozone has been recognised since the early 1900’s
as an effective disinfectant, deodorizer and anti-pollutant. It
will disinfect air, destroy bad odours, toxic fumes, bacteria,
algae, fungi, mould and mildew. It is more widely used
commercially in the water and waste-water industries for
purification and disinfection purposes than as a disinfectant
in the food industry.

A Dutch chemist called Van Marum was probably the first
person to detect ozone gas sensorially. However, the discovery
of ozone was only just mentioned by name decennia later, in
a writing of Schonbein that dates to 1840 in the University
of Munchen [1]. After 1840, many studies on the disinfection
mechanism of ozone followed. The first ozone generator was
manufactured in Berlin by Von Siemens. The first technical-
scale application of ozone took place in oudshoorn, Nether-
lands, in 1893. This ozone installation was thoroughly studies

by French scientists [2]. Ozone production did not reach its
prior level until after WorldWar II. In 1950, the number of
ozone installations that were in use worldwide had only grown
to 119. In 1977 this number, had increased to 1043 ozone
installations. More than half of the installations were in France.
Around 1985, the number of applied ozone installations was
estimated > 2000 [1].

Boglarski and Telikicherla (1995) stated that ozone was
used as early as 1893 in Europe for drinking water treatment,
and today is the most commonly used disinfection process
in Europe [3].The major ozone installations in drinking water
plants using ozone for disinfection were built in Paris (1897)
and Nice (1904), France, and in St. Petersburg, Russia (1910).

Today, chlorine is still preferred over ozone for water dis-
infection. However, the last decennia the application of ozone
applications did start to increase again. This was caused by the
discovery of trihalomethanes (THM) as a harmful disinfection
byproduct of chlorine disinfection, in 1973. Chlorine is highly
carcinogenic because when it comes into Contact with rem-
nants of pesticides in our foodstuff (vegetables), it generates
halomethanes, which are carcinogenic [8]. Consequentially,
scientists started looking for alternative disinfectants. Another
problem was an increase in disturbing, difficultly removable
organic micropollutants in surface waters. These compounds
appeared to be oxidized by ozone faster than by chlorine
and chlorine compounds. Furthermore, ozone turned out to
deactivate even those microorganisms that develop resistance
to disinfectants, such as Cryptosporidium.

This project reviews electrically methods of generation of
low-concentration ozone for various applications including
water treatment. Various membrane and discharge tube suit-
able for electrically ozone generation are discussed in terms
of the efficiency of ozone yield, material stability against
aggressive oxidative environment during ozone generation,
as well as costs and power consumption. Ozone is a very
powerful oxidant (E=+2.07 V) that can react with numerous
organics present in water [4]. Corona discharge is the condition
created when a high voltage passes through an air gap. In the
case of ozone production, this high voltage transfers energy
for the breaking of the O2 molecule, allowing the formation
of a 3-atom oxygen molecule ozone [5]. Ozone has tendency
to revert to its original form in about 10− 20 minutes, in the
atmosphere. Therefore, it is necessary in any ozone application
to generate ozone as and when required for use since it cannot
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be kept stored the way chlorine is stored (in cylinders).
The unit is that it is light in weight (less than a kilogram)

and carries a microcontroller based control with automatic and
manual mode, where LCD showing the ozone concentration.
It employs a high voltage of over 5 kV at a high frequency
of 15 kHz to 20 kHz, which would not cause a lethal shock.
Shock Voltages are not cause a lethal shock. Shock voltages
are not dangerous at these high frequencies, while at 50 Hz
these high voltages are quite dangerous. Commercial ozone
generators make use of mains 50Hz frequency and are thus
very dangerous while assembling. Extreme care is required to
be exercised by the user while diagnosing any problem with
such apparatus. Ozone generator at the higher frequencies used
here is more efficient and silent in its discharge, one can easily
assemble this portable ozone generator in a plastic breadbox
(used for storing one full bread), which is all insulated (with
no exposed metal parts. The cost of making a simple unit is
much less than Rs. 2,000.

Different types of ozone generator are available in the
market nowadays which are expensive and portability of those
devices are quite difficult and are dangerous might cause a
lethal shock if not careful. Finally, in the context of Nepal
water purification and waste-water treatment in industries are
done through the use chlorine. Also, Nepal is among the least
developed countries in the world, with about one-quarter of its
population living below the poverty line. Nepal is facing quite
a number of issues, some of these significant challenges are
related to water pollution, air pollution, sanitation. Regard-
ing these issue, Portable Ozone Generator is developed for
the purpose of water purification, waste-water treatment, air-
purification, bleaching, vegetable cleaning, mosquito repulsion
and many more with the features of portability, lethal shock
proof and that falls under affordable price.

II. METHODOLOGY

Ozone generators invariably make use of a discharge tube to
which a high electric field is applied to break down the oxygen
present in the air. This phenomenon occurs at or near a field
strength of 25 kV/cm, and the resulting discharge that takes
place is known as Corona. The corona has a light bluish glow.
It is in this corona field that oxygen becomes ozone (O3).

The discharge tube is supplied air from an air-group, which
is built into the unit. The unit produces ozonated air at a
pressure head of 15-20 cm of water via its outlet. So, the exit
tube can be let into water containers with water up to a level
of 10-15 cm. Pump works on mains and has a 50Hz vibrator
attached to a rubber bellows that provides a pulsating airflow
that provides a pulsating airflow. This air flows through the
cylindrical space of discharge tube and discharge tube outlet
gives ozonated air. The overall mechanism are controlled with
the help of micro-controller (AT mega 32) embedded in it.

The operational framework of portable ozone generator is
shown in figure 1. It contains various sub system including
mechanical, electrical and computer. The whole system is
divided into two main parts i.e. mechanical and electronical.

Fig 1: Block Diagram of the System

Electronical System: This section further divided into var-
ious sub system. I.e. pulse generator, micro-controller unit,
switching unit etc.

Pulse generator section: A simple pulse generator circuit
utilized various active and passive component and is designed
to generate 1520 KHz pulses. It selects duty cycle of 33%.

Control Unit: As its name implies it is the control unit of the
circuit and is comprise of micro-controller ATmega32, keypad,
and temperature sensor unit. This unit control the production
of ozone.

Switching Unit: This unit consist of switching circuit which
is used to switch FBT to generate ozone

Figure 2 describe the flowchart of the system where ’t’
represent the temperature and t1, t2 represents the lower and
upper threshold temperature for the device.

Discharge tube is constructed using the 20cm long Alu-
minium tube of 1cm diameter and Glass tube of 17cm length
and 1.2cm in diameter. This aluminium tube is blocked on the
inside with a small amount of M-seal compound, so that no
air can pass directly through its middle hole. Then, holes of
2mm diameter are made on the tube at the two ends about
3 cm from each end. To provide the discharge gap, a thin
walled glass tube, commonly used as chemistry test tube, is
used having an inner diameter about 1.2-1.5 mm greater than
that of the aluminium tube. Then, the glass tube is cut such
that it covers the length of the aluminium tube, except for
about 1.5 cm at each end such that the metal tube should be
able to go freely in it. Now, the glass tube is rotated over a
gas burner to soften the ends of the tube and made chamfered
on to the metal tube, such that at the edges, the glass tube
fits the metal tube with no gap and still the glass tube is able
to slide over the aluminium tube. After the glass tube is so
positioned over the metal tube, the ends of the glass tube are
taped using Teflon tape.
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Fig 2: Data Flow Diagram

Preparation of the hot electrode: The hot electrode, to which
a voltage greater than 6,000 volts is applied at high frequency,
is made by closely wrapping plain aluminium foil around the
outer side of the glass tube. The foil is wrapped leaving 1 cm
uncovered area on either ends of the tube. The foil is taped for
tightness on the outer glass, using cellulose tape, and a piece of
Teflon insulated wire connected to the aluminium foil brought
out. This wire is connected to the EHT lead from the LOT on
the circuit board.

III. RESULTS

Complete disinfection of water, in any impure form, is
realized with an ozone content of 4 mg/litre. Ozone generator
presented here has a capacity of producing 10 mg/minute
of ozone combined with atmospheric air and can treat five
litres of impure water in just two minutes.Figure 3 shows the
constructed discharge tube for corona discharge.

Fig 3: Discharge Tube

Figure 4 shows frequency(15KHz-20KHz)generation circuit
and switching circuit for Flyback Transformer(FBT). Calibra-
tion of Ozone is done by quantitative analysis. Potassium
iodide (KI) solution is converted to iodine gas by ozone.
Taking a known quantity of KI solution and bubbling the
ozonated air from ozone generator through it, for a definite
time (one minute). The free liberated iodine can be estimated
by titration experiment with thiosulphate. Thus, by knowing
how much iodine has been liberated. One can find how
much ozone has been absorbed in the solution by quantitative
analysis. Thus gives us the gas output form the tube in mg/liter.
The gas output is determined by finding the time taken to
replace the 1 liter of water by the bubbling gas.

Fig 4: Frequency Generator and Switching Circuit

IV. CONCLUSION

The idea to construct a device that could be used not just
as an alternative way to purify water instead of using chlorine
but for also as air-purification, bleaching, vegetable cleaning,
mosquito repulsion and many more is presented here. The
device is capable of generating 10mg/min and can treat five
litres of impure water in two minutes with the features of shock
proof, portable, easy to use and it can be set to produce the
desired amount of ozone i.e device is automatic and produces
required amount of ozone.
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Shock Voltages are not cause a lethal shock. Shock voltages
are not dangerous at these high frequencies, while at 50 Hz
these high voltages are quite dangerous. Commercial ozone
generators make use of mains 50Hz frequency and are thus
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that provides a pulsating airflow. This air flows through the
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and 1.2cm in diameter. This aluminium tube is blocked on the
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is made by closely wrapping plain aluminium foil around the
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but for also as air-purification, bleaching, vegetable cleaning,
mosquito repulsion and many more is presented here. The
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Abstract— Engineering structures is an important 
aspect of human civilization and manual analysis of 
structure often deviates from actual value, so there is a 
need to use Finite Element Method technique for 
analyzing those structures. Thus, this paper presents 
FEM based codes developed in MATLAB programming 
which targets the analysis of 2D linear, elastic-isotropic 
structure. This program lists the results of displacement, 
stress-strain, reaction forces and plots the deformed 
shaped due to applied forces. Since the software is 
solitary only on truss analysis, it computes faster 
compare to other market software like ANSYS, 
COMSOL etc.  

Keywords—linear structure, finite element method, 
MATLAB programming 

I. INTRODUCTION 
Considering various aspects of the complexities, the 
solutions which are baffling and sticking to the 
conventional method will eventually leads to trivial 
solution. Therefore, to make the calculation precise, 
numerical analysis is done. Among various forms of 
numerical analysis for solving problems of 
engineering and mathematical physics, Finite Element 
Method (FEM) is the most preferred one. Thus, it is 
very necessary to create a program-based on FEM, to 
meet today’s digitalized world.  
Thus, this developed software aims to able a common 
platform for all the linear elastic structure. Also due to 
of its simplicity, person having faint knowledge of 
structures and FEM can easily use this program. 
Different Subject matter that required for completion 
of this project are. 

A. Finite Element Method 
Finite Element Method is a numerical method in which 
a complex domain defining a continuum is discretized 
into various simple geometric shape called finite 
elements. This process results in a set of simultaneous 
algebraic equations and the solution is obtained upon 
computing these equations. The material properties 
and governing equations considered over the finite 
elements are expressed in terms of unknown parameter 
at elemental nodes where different elements of the 
structure are connected [1]. The simple equations that 
model these finite elements are then assembled into a 
larger system of equations that models the entire 
problem [2]. Here, in this research, the principle of 
direct method of analysis was used. The basic principle 
used here is the sum of force acting on the element 
must be zero. If F1 and F2 are two force acting on the 
element, then; 

F1 + F2 = 0 
Also, the relation between force and displacement is 
given by: F = K*u, where, F= Force, K= stiffness, 
u=displacement. So, if the two elements of similar 
material have displacement as u1 and u2 on applying 
force F1 and F2 then; 
F1 = k (u1 – u2) and F2 = k (u2 – u1)    where k is the 
stiffness of material. 
Stiffness of material for truss is given by the product 
of modulus of elasticity with area divided by the 
elemental length [3]. That is  

 𝑘𝑘 =  𝐸𝐸𝐸𝐸
𝑙𝑙 [ 1 −1

−1 1 ] 
Hence, rearranging, the above equations becomes: 

{𝐹𝐹1
𝐹𝐹2

} =  𝐸𝐸𝐸𝐸
𝑙𝑙 [ 1 −1

−1 1 ] {𝑢𝑢1
𝑢𝑢2

}    
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