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Abstract

Despite the continuous and constant efforts to rely on clean and
renewable energies, the journey is still far away so that the world
can dispense with traditional and non-renewable energies. With the
continuous increase in energy demand, the best means to deal with
it is to maximize the potential of Through achieving the best
possible efficiency of the units of energy production and the use of
renewable energies.

In this paper we will try to study the main problem we suffer from
in Libya is changing the performance of gas stations with changing
climatic conditions, and with a shortage of production will increase
the problem of the suffering of the stations to provide the
necessary energy.

This study was conducted on one of the gas units produced at
Algabal Algharbe gas station to generate electricity (Rwais), in
terms of the effect of change in air temperature on the performance
of the gas unit in terms of production and efficiency.

By collecting data and readings from the technical affairs of the
station for two different months of the year and conducting the
necessary calculations, there is a clear effect on the performance of
the gas unit as a result of changing climatic conditions, which is
one of the disadvantages of gas stations.
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Abstract

This practical study carried out to find the best percentage of
cooling fluid components in turning of medium carbon steel type
(C45). The study accomplished in Applied Researches &
Development Center (Tripoli — Libya). The study based upon
preparing of cooling fluids form three types of mine oils (Twain
from Libyan production & the third from K.S.A production),
where three mixes from each type prepared and each mix used in
turning workpiece sample from medium carbon steel (C45), by
fixing all affecting factors of cutting process which influencing the
surface roughness of the workpiece (Depth of cut — Rotating speed
— Feeding rate — Discharge of cooling fluid), then surface
roughness measured for each case as an indication for the
efficiency degree of each type of cooling fluid. In order to support
the results obtained, the imported cooling fluid (Canadian made),
was used as reference for comparing the efficiency of the locally
prepared cooling fluids. The results obtained from the study
showed that the best mixing ratio for all types of oil used was
(1:20), also one type from these mixes proved to be more efficient
than the imported cooling fluid. The results of the study
encouraged to give some recommendations achieving improve for
technical & economic aspects in the process of using locally
prepared cooling fluids.
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Alloy DIN C45(wt %)
Cc 0.42 -0.50
Si 0.15-0.35
Mn 0.50 - 0.80
P 0.035
S 0.035
Other Cr+ Mo + Ni<0.63
Fe Bal.

(Taylor Hobson) ¢ (Surtronic 3+) ¢ tdaesall (uld s O
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Abstract:

This study aims to identify the most important reasons leading to
low academic achievement in the computer course for middle
school in the municipality of Qalaa, The researcher used the
descriptive approach using the comprehensive social survey, which
is the best suited to the subject of the study and its objectives, The
questionnaire as a tool for the study, which consists of (21)
paragraphs, which formed the opinions of the adjudication
committee as a sign of its honesty and reliability, The study
population is composed of all computer teachers in the middle
school in the municipality of Al Qalaa, And the number was (21)
male and female teachers, The researcher also uses iteration and
percentages in data processing, This study reached the following
results: incompatibility between the current curriculum and the
time period (academic year). In addition, the number of pupils in
the classroom exceeded its absorptive capacity, the majority of
teachers did not receive revitalization and qualification courses
about the established curriculac schools' lack of modern and
equipped laboratories and lack of maintenance of laboratories the
list the inadequacy of computer curricula for the age of students in
several classes, pupils' inability to use English terminology in
computer subjects. Based on the results of the study, appropriate
recommendations were made.
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Abstract
The current study aimed to know the effect of e-learning on the
progress of the educational process within the College of
Education. The study problem emerged from the importance of
incorporating modern  educational technologies into the
educational process. This study provides information about e-

learning and the dimensions of its application within the College of
Education from the student's point of view
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Abstract

The critical speeds are the key factor for dynamic stability in
rotary machines, from the vibration point of view. The critical
speeds of an existing centrifugal casting machine (CC machine)
are found. The referred CC machine was previously designed,
constructed and tested at the College of Engineering Technology
(formerly known as the Higher Institute of Mechanical
Professionals) in Tripoli, as mentioned in a previous publication.
The dynamic stability is analyzed and the natural frequencies of
the rotor system and their related critical speeds are identified
using finite element analysis (FEA). The analysis is conducted for
different thicknesses and different lengths of mold material. The
main objective of this analysis is to seek improvement of the CC
machine, in terms of produced cylinder sizes. The CC machine
proved to be suitable for the production of the specified product
cylinders, with limitations on its length and speed of the driving
motor. Longer cylinders could still be produced by modifying the
existing CC machine and employing longer molds, thus higher
driving speeds are eventually needed.

Keywords:Centrifugal Casting Machine; Rotational Vibration;
Finite Element Analysis; Critical Speed.

Introduction

Nowadays, many methods are being used for manufacturing
purposes, and are of great importance. Yet, casting is regarded as
one of the methods that play a crucial role in the manufacturing
process. This paper focuses on improving an existing centrifugal
casting machine by using a proper rotational speed for each melted
metal. Centrifugal Casting (CC) as a process involves rotating a
mold that is filled by molten metal around its central axis, and at a
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certain speed. Consequently, the centrifugal force distributes the
molten metal to the outer part of the mold cavity, then it solidifies
at a proper rate before removing it from the mold [1].

The rotational speed and metal pouring rate vary depending
on the size and shape of the alloy being cast. In this technique the
axis of rotation can be vertical, horizontal, or at any angle. One
major drawback could be expected using the horizontal molds is
that castings have lower properties because the metal cannot be
poured into the mold as quickly as in the vertical molds [2]. On the
other hand, lengths of the castings produced using vertical axis are
shorter compared to the ones produced using horizontal axis.
Besides, the thickness of mold walls has to be suitable for cooling
the castings, which has an average of approximately 2.5 times the
castings thickness.

Various numbers of hollow parts are produced using CC
machines. These include, cylinder sleeves, billets, pipes and piston
rings. The important advantage of this method is that the use of
centrifugal forces enables making hollow castings without the use
of cores. This benefit requires controlling the weight of the
castings wall thicknesses. On the other hand, vertical casting
methods can also be used to make the same products, however, the
wall at the base of the cylinder must be thicker than that at the top
[3]. In the foundry, to ensure that the castings are adequately
performed, engineers at the early design stage do a lot of effort to
come up with the proper design.

In regard to the CC process, Kim et al have investigated the
porosity, pore size distribution and the permeability of the
microstructure of Aluminum tubes by varying particle size of
Aluminum powders and controlling sintering temperature. This
study demonstrated that centrifugal casting is a promising method
to produce different tubes [4]. Melcher et al have studied the
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control of the rheological properties of thin walled ceramic tubes
using the CC machine. These ceramic tubes were characterized
with respect to several criteria and have been achieved at high
rotational speed (2000 rpm) [5].

The present study aims to improve an existing horizontal
centrifugal casting machine for producing cylindrical pipes. In
particular, it aims to identify the critical rotational speeds that may
cause undesired vibration of the machine. These speeds would then
be prevented when setting up the driving speed of the electric
motor. The identification of the critical speeds help define the
limitations of the CC machine, thus help identify the specifications
of the produced products in terms of their lengths, thicknesses, and
material type.

This paper is organized as follows: the next section provides
description of the existing CC machine. Then, the following
section provides the computational model, which adopts the Finite
Element Analysis (FEA). After that, the results and discussion are
presented. The last section gives the conclusions.

Description of the Centrifugal Casting Machine

To develop a machine for better quality of products, one
aspect is to analyze its major components and capabilities, and try
to find better design solutions for the existing CC machine. The
main components of the analyzed CC machine are listed as follows
and shown in Figure (1).

9 Electrical motor: used to rotate the mold by maximum
speed of about 3000 rpm and its power of 3/4 hp. The
motor is built on a table and connected with the mold

1 Mold: used to produce cylindrical shape for only one size
and is made of structural Steel. The internal diameter and
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the length of the rotating cylinder are 135 mm and 250 mm,
respectively

1 Moving table: it is constructed to carry the mold while it is
being fed by the melted metal. The permitted distance that
the mold can be moved along the table is up to 500 mm

1 Hollow shaft: it is made of Steel and used to carry the
melted metal from the flask to the mold

9 Bearings: used to fix the mold at its ends. They were
selected to resist high thermal stresses and are used to
facilitate mold maintenance

9 Electrical piston: used to reach a harmonic motion between
the flow of the melted metal inside the mold and the
movement of the mold alongside of the table

9 Pulleys and belts: used to transfer the motion from the
electrical motor to the mold

Pulley and belt

Hollow shaft Bearing
Mold
|
@ / 1
[ / / /
/ / /
Moving table Electrical motor Electrical piston

Figure (1): The Main Components of the CC Machine
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Computational Model

The casting process is mainly based on rotating the mold
with the molten material inside it. An electrical motor is used to
rotate the mold and the molten metal at a specific speed. This
speed has to be controlled and maintained at a certain value in
order to prevent problems such as “raining” and lamination
phenomena. The raining phenomenon is caused by low speed
rotations thus resulting into small drops of molten material due to
gravity, and thereafter resulting into deformed product. The raining
phenomenon would eventually cause imbalanced vibration of the
rotating part. The imbalance problem of the rotating shaft is
mainly caused by the generation of concentrated spots of small
masses during the formation of the product.

The main problem investigated in this paper, from the
vibration point of view, is concerned with the prevention of
undesired vibration of the rotating part of the casting machine.
When the shaft rotates at a speed that corresponds to a natural
frequency, the resulting vibration will be magnified. These speeds
are called critical speeds. Theoretically, the rotating assembly is
uniform around the shaft axis, and the center of gravity should
coincide with the axis of rotation, but this is usually not the case.
The reason is that there usually exists either minor machining
irregularities, or there are irregularities resulting from the casting
process, as mentioned above. If the motor is allowed to run under
these conditions, the vibration will eventually increase and cause
shaft failure [6].

The critical speeds of the rotating part should be identified
and hence the driving motor should be rotated at speeds that are at
a safe margin from these critical speeds. This is a key factor and is
extremely necessary to prevent the machine from rotating at
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speeds causing resonances. The driving motor of the CC machine
in question has speeds varying from 300 rpm to 3000 rpm.

The rotating machinery equivalent to a single spring-mass-
damper system is a lumped mass on a massless elastic shaft. This
model is referred to as ‘Jeffcott’ or ‘Laval’ model, which is a
simple one degree of freedom (DOF) system. For the purposes of
this article, a more complex multi-DOF model corresponding to a
physical rotor will be used.

The FEA Model

The study was conducted by building a mathematical model
using finite element analysis (FEA). The FEA model was built and
run on ABAQUS® platform, and the modal analysis of the rotating
parts was conducted. The model consists of two parts, the mold
part and the product (molten) part. The FEA model was run for
different mold thicknesses varying from 1mm to 5mm, with a
fixed thickness of 5mm for the product. The used material
properties and model dimensions are defined in Table (1). The
bearing rings are used to fix the mold at its ends, as shown in
Figure (2).

Table (1): Material Properties and Dimensions of the Mold and

Product
Material Density Young’s Internal Length
(kg/m®) Modulus  diameter (mm)
(Pa) (mm)
Mold Structural 7800 2.1x10* 250 250-1000
Steel (varying)
Product  Aluminum 2700 7.0x10% 240 250
Alloy
Support  Structural 7800 2.1x10* 110 100
pipes Steel
96 Copyright © ISTJ A3 giaa aodal) (5 48a

W\JNMMJ.\SIM



International gt A
Science and Technology Journal Volume 20 sl PR ——

il ashall Ay Ayl December 2019 s I STIJ/&

/ / Mé‘l d Product

Bearing Connecting
Mold Pipes

Figure (2): Schematic Diagram of the Mold and Product of the CC
Machine

In FEA, the mathematical model is based on building a
global matrix system of mass, stiffness and damping matrices.
These matrices define the equation of motion that need to be
solved. The identification of mode shapes and natural frequencies
is based on solving the related eigen-value problem. The equation
that describes a general dynamic system is given by [7],

[ HI+T N+ X }=1{} )

where [M], [C] and [K] are the mass, damping and stiffness
matrices, respectively, {U} is the displacement vector, and {f} is
the external force vector. In rotor dynamics, this equation may
have additional contributions from the gyroscopic effect and the
rotating damping effect, but they were not included in this study as
their influence on the critical speed is not crucial [8]. The sizes of
these matrices depend on the total number of degrees of freedom
(DOF) of the generated model.

The equations of motion for free (unforced) and undamped
multi-DOF models can be compactly expressed in matrix form as
follows,

[ {3+ K }={0 (2)
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The matrices [M] and [K] are usually both positive definite,
hence the solution is easier to find numerically. Using the laws of
conservation of energy, the system ends up with a characteristic
eigenvalue problem written in a matrix compact form as follows,

[ - 2 {1={0 3)

From linear algebra, the nontrivial solution of equation (3)
can be found by setting the determinant of equation coefficients
equal to zero,

=| - 2 |=0 (4)

Expanding the characteristic determinant [D] yields an Nth-
order polynomial equation in w?, usually referred to as the
frequency equation, which has N roots (eigenvalues) for w. These
eigenvalues are real numbers because [M] and [K] are symmetric
and positive matrices. Note that each w root leads to a solution for
the corresponding eigenvector (mode shape) [7]. These
mathematical mounting of matrices and the eigenvalue equation
are built then solved by ABAQUS® routines to find the natural
frequencies and their corresponding mode shapes, and eventually
the critical speeds.

The FEA model consists of the mold cylinder and two
smaller connecting pipes. One of the connecting pipes is open
from one side where the molten material is poured in. The other
connecting pipe is closed. The mold and the connecting pipes are
made of structural Steel, and the product is made of Aluminum
alloy. The FEA mesh of the model is as shown in Figure (3). The
FEA model was discretized with a sufficient number of elements
to guarantee solution convergence and stability. Modal analysis of
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the model was conducted and the natural frequencies and mode
shapes were identified. The most important mode shapes are the
first ones, usually the fundamental mode shape is the most
important one, but in the current case the first few mode shapes
were analyzed.

It is important to mention that all simulated cases were run
considering constant material properties, i.e., the properties do not
change with temperature. This was adopted because the filling of
the liquid is fast and the time that the product requires to solidify is
very short, and thus its influence on the vibrational characteristics
was neglected [9]. On large-scale casting machines, the influence
of temperature changes may become significant and therefore
should be taken into account, but not in the current study. As
boundary conditions, the smaller connecting pipes were fixed at
their ends along an extent of 100mm wide, to simulate the fixing
bearings. The mode shapes resulting from this model are of the so-
called stiff bearings modes.

e
'lz;tf'o
sl

o
iy
B

Figure (3): FEA Mesh of the Mold and Product Model
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Results and Discussion

The FEA model was run for various thicknesses of the Steel
mold; specifically for Imm, 2mm, 3mm, 4mm, and 5mm. The
thickness of the molten Aluminum product is kept fixed at 4mm.
The model is also run for different lengths of the molding cylinder,
specifically for 250mm, 500mm, and 1000mm. These were carried
out to investigate the capabilities of the existing CC machine to
produce cylinders of different lengths.

1- Results and discussion: Mold length =250 mm

Table (2): First Natural Frequencies for the Model with Mold
Length of 250mm

Mold Thickness

Frequency 5mm 4mm 3mm 2mm lmm
(H2)
mode #1 97.212 105.15 115.45 129.57 150.61
mode #2 401.23 432.44 472.52 526.7 605.51
mode #3 401.23 432.44 472.52 526.7 605.51
mode #4 415.24 449.25 493.17 553.03 641.68
mode #5 586.69 630.22 685.44 758.67 862.22

The first five mode shapes were calculated. It can be
observed from Figure (4) that some of the mode shapes are
bending modes, and some are axial modes. The mode shapes from
1 to 5 repeat themselves in shape, for all the other cases analyzed
in this paper. In other words, mode shape No. 1 is an axial mode
and it is always an axial mode for all other analyzed cases. The
natural frequencies are obviously different for different mold wall
thicknesses and mold cylinder lengths.
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Mode #5: bending mode shape

Figure (4): First Mode Shapes of the Mold and Molten Model: Mold
Length of 250mm

The natural frequencies increase in an order shown in Figure
(5). It was noticed that the natural frequencies decrease with mold
wall thickness, which is possible for hollow-cross section
cylinders. This is the contrary in case of solid cross sectional
beams, for instance.
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Model(1): Mold Length=250 mm

o [Hz]
g

Mode #1 Mode #2 Mode #3 Mode #4 Mode #5

ES5mm HE4mm HE3mm E2Zmm B lmm

Figure (5): First Mode Shapes of the Mold and Molten Model: Mold
Length of 250mm

Analyzing the change of critical speeds, specifically at mold
thickness of 5mm and at 1mm, the following was noticed. The
critical speed for the first mode, and for mold thickness of 5mm, is
5832 rpm, as demonstrated in Figure (6). This is above, and at a
safe margin from, the operational speed of the electric motor used
in the machine.

Model(1): Mold Length=250 mm

600 35000 E
- — g
g ) 15000 L
Mold Thickness=5mm
(@)
Figure (6-a): Critical Speed for Mold Thickness of 5mm and Length of
250mm
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Model(1): Mold Length=250 mm
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Mold Thickness = 1mm

(b)

Figure (6-b): Critical Speed for Mold Thickness of 1mm and Length of

250mm

2- Results and discussion: Mold length =500 mm

The first five natural frequencies and their corresponding
mode shapes were again calculated for this case, as given in Table

(3). The shape of modes, whether being axial or bending, ar
same order shown in Figure (4) before, but with different

e in the
natural

frequencies. The resulting natural frequencies for the first five

mold shapes are shown in Figure (7).

Table (3): First Natural Frequencies for the Model with Mold

Length of 500mm

Mold Thickness

Frequency 5mm 4mm 3mm 2mm 1Imm
(Hz)
mode #1 69.099 74.82 82.246 92.439 107.69
mode #2 282.21 303.78 331.24 367.9 420.39
mode #3 282.21 303.78 331.24 367.9 420.39
mode #4 295.56 318.83 350.21 393.04 456.63
mode #5 469.64 505.67 551.58 612.98 701.24
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Model(2): Mold Length=500 mm
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Figure (7): First Mode Shapes of the Mold and Molten Model: Mold
Length of 500mm

Analyzing the change of critical speeds specifically at mold
thickness of 5mm and at 1mm, and demonstrated in Figure (8), the
following was observed. The critical speed for the first mode shape
(69 Hz), and for mold thickness of 5mm, is 4145 rpm. This is still
above, and at a safe margin from, the operational speed of the
electric motor used in the machine. The CC machine can safely be
operated with molds of 500mm long.

Model(2): Mold Length=500 mm
500 30000

25000

g

20000

o [Hz]
g

8

15000

10000

5000

Critical Speed [rpm]

o o
Mode #1 Mode#2 Mode#3 Mode#4 Mode #5
Mold thickness =5mm

(@)
Figure (8-a): Critical Speed for Mold Thickness of 5mm and Length of
500mm
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Model(2): Mold Length=500 mm
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Figure (8-b): Critical Speed for Mold Thickness of 1mm and Length of
500mm

3- Results and discussion: Mold length =1000 mm

The first five natural frequencies and their corresponding
mode shapes were also calculated for this case and shown in Table
(4). The shape of modes, whether being axial or bending, are in the
same order shown in Figure (4) before, but with different natural

frequenc

ies.

Table (4): First Natural Frequencies for the Model with Mold
Length of 1000mm

Mold Thickness

Frequency 5mm 4mm 3mm 2mm 1mm
(H2)
mode #1 48.952 53.02 58.311 65.585 76.501
mode #2 179.4 189.68 201.87 216.59 234.67
mode #3 179.4 189.68 201.87 216.59 234.67
mode #4 208.07 225.15 247.2 277.25 321.68
mode #5 340.14 365.69 398.06 440.96 501.67
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The natural frequencies increase in the form shown in Figure
(9) and the calculated critical speeds are shown in Figure (10).

Model(3): Mold Length=1000 mm

200
.l
mm= A

Mode #1 Mode #2 Mode #3 Mode #4 Mode #5

ES5mm Edmm B3mm Zmm B 1mm

Figure (9): First Mode Shapes of the Mold and Molten Model: Mold
Length of 1000mm

Model(3): Mold Length=1000 mm

Critical Speed [rpm]

Mode#1 Mode#2 Mode#3 Mode#4 Mode#5
Mold thickness =5mm

(@)
Figure (10-a): Critical Speed for Mold Thickness of 5mm and Length of
1000mm
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Model(3): Mold Length=1000 mm
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Figure (10-b): Critical Speed for Mold Thickness of 1mm and Length of

1000mm

Analyzing the change of critical speeds, specifically at mold
thickness of 1mm and at 5mm, the following observations were
noted. The critical speed is 2937 rpm for the first mode (48.9 Hz)
when mold thickness is equal to 5Smm. This is very close to the
operational speed of the electric motor used in the machine, which
is around 3000 rpm. In this case, if the CC machine is to be used
for the production of cylinders of 1m long, the electric motor has
to be operated at speeds higher than 3000 rpm, in order to prevent
the mold from undesired vibrations. Mode #1 (48.9 Hz) is an axial
mode shape which vibrates axially with respect to the mold
cylinder central axis. Thus, further attention should be paid to this
mode.

Conclusions

This paper has focused on investigating the rotational
vibration behavior and characteristics of an existing centrifugal
casting machine. The existing machine has already been built and
tested in a previous project. This investigation has been conducted
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by adopting the finite element analysis as a tool. The FEA model
was built and run in ABAQUS® platform. Different thicknesses
and lengths of the molding cylinder, including the molten material,
has been investigated. It was shown that the existing CC machine
runs at rotational speeds that are at safe margin from its critical
speeds. This ensures the use of the CC machine to produce longer
cast cylinders, up to 1m long, by maintaining the same electrical
motor running at rotational speed of about 2000 rpm, and at safe
margins regarding the rotational critical speeds. Further studies
and simulations may have to be conducted to test the CC machine
for the production of other material types such as Zink and Copper.
Besides that, the influence of the mounting table on the vibration
characteristics of the rotating parts can be investigated.
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Abstract:
One of the most important problems of coverage capacity
experienced by mobile operators is primarily due to the
predetermination of the maximum number of users who can
connect to that station depending on its capacity, and after
searching for an effective radical solution to this problem and
looking for the latest ways that may help to solve this problem, we
found out that the best options are to develop the infrastructure of
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the mobile communications network and support it with a new
technology depends on the installation of a type of antennas known
as Smart Antennas which have a system of multiple inputs and
outputs in the main stations of this network and in this paper we
presented a study to prove the effectiveness of the proposed system
and its efficiency in terms of increasing the capacity of cells in the
main stations of the network, which may address such bottlenecks.

Keywords: smart antennas, adaptive pattern, cell density.

I. Introduction:

One of the interference reduction schemes is" The Smart Antenna"
Fig(1), which changes the base station antenna patterns to adapt to
the current radio conditions. Smart antennas lead to a much more
efficient use of the power and spectrum, increasing the useful
received power as well as reducing interference; as a result, the
carrier-to-noise ratio increases. Besides the three multiple access
schemes, a Frequency Division Multiple Access (FDMA), Time
Division Multiple Access (TDMA), and the Code Division
Multiple Access (CDMA), smart antennas add a new scheme to
increase the number of users. It may call a Space Division Multiple
Access (SDMA). In the same cell, two users can use the same
physical communication channel. The smart antenna, as an
adaptive and phased array antenna consists of either a number of
fixed beams with one beam tuned on toward the desired signal, or
a single beam formed by a phase adjustment only steered toward
the desired signal as shown in Fig(2).The beam former can
generate  fixed antenna patterns by changing the phases of
elements. The beam selector selects the beam according to the
desired signal. An array of multiple antenna elements receives
signals weighted and combined to maximize the desired signal to
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interference which known as carrier-to-noise ( ). This
essentially puts a main beam in the direction of the desired signal
and nulls in the direction of the interference as shown in an
adaptive array Fig(3). Such an antenna is a great solution to the
incorporation of multiple input, multiple output system (MIMO)
into mobile wireless devices. The MIMO Active Array Antenna is
an integrated design with a 3 to 5dB link budget that will double a
base station's coverage radius compared to non-integrated
antennas. The antenna is packaged in a single radio man that
houses all of the subsystems necessary to deploy a complete 3G or
4G base station RF system on the tower .The tower electronics
includes the complete radio transceiver and the power amplifiers
with digital pre-distortion and crest-factor reduction algorithms for
improved amplifier efficiency, in addition to the filters and
duplexer, the low-noise amplifier (LNA), and the antennas. The
antennas themselves are cross-polarized aperture-coupled patches
with gain [1].

Fig(1): The smart antenna.
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Switched Multibeam Array

Adaptive Antenna Array
SIGNAL \s'fN‘“'
\
g
D\TERFER/.B:CE SEAMBORMER
WEIGHTS
Fig(2): Phased array Fig(3):Adaptive array

A smart antenna uses a phased or adaptive array that adjusts to the
radio environment, so, for using the phased array, the beam is
steered or different beams are selected as the desired user moves,
and for using the adaptive array, the beam pattern changes as the
desired user and the interference move. The use of switching beam

or adaptive beam for tracking is shown in Fig(4).

Smart
Antenna

Now ?I‘)*

Past ;
Now
Beam

Tracking

Fig(4):Smart antenna technology(BeamTracking).

113 Copyright © ISTJ 4% ghae aaal) (368a
wu ?3""“ @3.\1\ M



International gt A

Science and Technology Journal Volume 20 2 e B Tk Jars

il aolell ulp) Al December 2019 s I STIJ/&

The interference reduction effectiveness on top of the basic beam
steering can be found by knowning the following:

9 The basic beam steering: refers to the class of algorithm

that attempts to direct a beam toward the wanted mobile
but makes no attempt to null cochannel interference
signals.

The frequency hopping: reduces the interference in an
average sense among all the hopping channels.

The spatial filtering for interference reduction (SFIR): in
this scheme, nulls are formed in the direction of
interference sources in uplink and downlink. This improves
the carrier to interference carrier-to-noise (CNR)ratio and
allows the frequency reuse pattern to be tightened, thus
increasing capacity.

The smart antenna also can achieve SDMA (spatial
division multiple access): this involves the use of adaptive
nulling to allow two or more mobiles in the same cell to
share the same frequency and time slot. One beam is
formed for each mobile with nulls in the direction of the
other mobiles as shown in Fig(5) :Smart antenna
technology (SDMA). The elements of SDMA are shown in
Fig(6): Smart antenna system. It is a space-time
interference cancellation.
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Fig(5): Smart antenna technology (SDMA).
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Fig(6): Smart antenna system. (All signals indicated by (1) are user 1’s

multipath signals; The signals indicated by (1) are interferers).

SDMA requires better nulling performance than SFIR because the
high dynamic range of uplink signals within a cell that means the

(CNR) of the wanted signal can be far below 0 dB. In the

SFIR

case, the ( ) is usually positive. However, SDMA has the
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advantage that it can be implemented in isolation in single cells
(e.g., traffic hotspots), where as SFIR must be implemented across
whole clusters of cells. Of course SDMA also requires the
establishment of new procedures to manage the air interfere
sources within each cell. For example, this may involve intracell
handovers.SDMA is not appropriate in CDMA systems, as it
implies reuse of spreading codes, which is undesirable for the
SDMA application. However, the spreading codes can serve the
purpose as SDMA does [1].

I1. Multiple Antenna Communications:

Digital communications using MIMO (multiple input, multiple
output) has emerged as one of the most promising research areas in
wireless communications, giving a chance to resolve some of the
bottlenecks of traffic capacity in high-speed broadband wireless
Internet access networks (3G and beyond).MIMO refers to a link
for which the transmitting end as well as the receiving end is
equipped with multiple antenna elements, as illustrated in Fig (7).
The idea behind MIMO is that the signals on the transmit antennas
on one end and that of the receive antennas on the other end are
“combined” in such a way that the quality (Bit Error Rate) or the
data rate (Bit/Sec) of the communication will be improved. MIMO
systems use space-time processing techniques in that the time
dimension (natural dimension of transmission signals) is joined
with the spatial dimension brought by "Smart antennas” a popular
technology for improving wireless transmission. However, the
under lying mathematical nature of MIMO environments can give
performance that goes well beyond that of conventional smart
antennas. In particular, MIMO systems have the ability to turn
multipath propagation, usually a pitfall of wireless transmission,
into an advantage for increasing the user’s data rate.In Fig(7), the
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data stream to be transmitted is distributed among different sub-
channels, then goes through modulation and mapping, and is
transmitted by corresponding antennas. Upon receipt, each
receiving antenna receives three signals from the transmit
antennas, then the entire received signal goes through signal
processing to receive the desired signal. The promise of MIMO
techniques and the mechanisms to achieve it are on the horizon.
Practical design of MIMO solutions involve both transmission
algorithms and channel modeling to measure their performance as
well as the radio network level considerations and to evaluate the
overall benefits of MIMO setups [2].
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\
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g O

Al

L I
2 i
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’ & .
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Modalation and mapping

i v ot
Fig(7): MIMO system.

Consider a wireless communication system with transmit
( ) and receive () antennas. The idea is to transmit
different streams of data on thedifferent transmit antennas, but at
the same carrier frequency. The signal on the th transmitantenna,
as function of the time , will be denoted by (). When a
transmission occurs,the transmitted signal from the th  antenna
might find different paths to arrive at the th  antenna, namely, a
direct path and indirect paths through a number of reflections. This
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principle is called multipath. Suppose that the bandwidth  of the
system is chosen suchthat the time delays between the first and last
arriving path at the receiver is considerably smaller than 1/ , then
the system is called a flat fading system. For such a system, all the
multipath components between the th  and th  antenna can
be summed up to one term, ( ). Because the signals from all
transmit antennas are sent at the same frequency, the th receive
antenna will not only receive signals from the th, but from all
transmitters. The received signal ~ from the th antenna is:

=2 00O 1)

() must be known at the receiver. Sending a train
sequence from each transmitter estimates the channel parameters at
the receiver. A schematic representation of a MIMO
communication scheme can be found in Fig(8).Mathematically, a
MIMO transmission can be seen as a set of equations. The
recordings
of ’sin Eq(1) oneach  antenna are obtained with a number of
unknowns such as
the transmitted signals. If every equation represents a unique
combination of the unknown variables and number of equations is
equal to the number of unknowns, then there exists a unique
solution to the problem. If the number of equations is larger than
the number of unknowns, a solution can be found by performing a
projection using the least squares method, also known as the Zero
Forcing (ZF) method. For the symmetric case, the ZF solution
results in the unique solution [3].
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Fig(8): Schematic representation of a MIMO communication system.

I11.  MIMO Capacity in Smart Antennas:

The analysis of MIMO system is based on the idea that if fades
between pairs of transmit-receive antenna are identical
independent distributed (i.i.d), then the average channel capacity
of a multi-antenna system that uses antennas at both the
transmitter and the receiver is approximately times higher than
that of a single-antenna system for a fixed bandwidth and a fixed
overall transmitted power. In the following, the necessary
requirements to obtain these capacities for systems having multiple
antennas at both the transmitter and the receiver are described:

91 Antenna arrays with sufficient spacing must be deployed at
both ends.

1 The propagation environment between the transmitter and
the receiver must provide numerous propagation paths.

9 The link must employ such as frequency- or code-division
multiplexing to ensure that the signals sent by different
transmitter antennas are orthogonal to each other at the
receiver end.

9 The receiver must be able to measure or estimate the
channel gain, both amplitude and phase shift. To date, the
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proposed detection techniques require the receiver to apply
coherent processing techniques of the received signal.

9 The burst duration should be short enough that the channel
can be treated essentially as static during a burst but long
enough that the standard information-theoretic assumption
can be applied [4].

An Adaptive Wight Gaussian Noise (AWGN) channel, with band
width , a noise spectral density /2 watts/Hz, and a
carrierpower  can be written as:

"= . ,(1+—) byte per second (bps) 2

Using a bandwidth of 30 kHz and a Carrier to Noise Ratio ( )
of 24 dB, the capacity would be 240 kbps.
The capacity of MIMO can be expressed as:

A

= lde(t+- NI=3- o1+-7) ©)

Where s .| |? is the normalized channel power transfer
function, 2 denotes

the Eigen values of T T s the transposed conjugate, is
denoted by min( , ), which is the smaller number of these two,
and  channels assumed to be i.i.d flat Rayleigh fading. From
Eq(3), we can find that the channel capacity can increase linearly
with the min(, ). The channel state information () plays
in two types of respect,

an important role. The definition of the channel capacity for a
MIMO system assumes

that the receive side knows the perfectly. On the other side, if
the transmit side has
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the adaptive power allocation, adaptive modulation or/and

coding can be applied.

The MIMO is known as rich scattering channels, and with
appropriate signal processing, this can bring about an increased
data rate of an order of magnitude or more.

For proving the MIMO technology in the wireless design process,
increasingly complex channel models must be used in simulation
to realistically assess system performance. These models must take
into account the statistical behavior of various phenomena:
shadowing (long-term fading), multipath (short-term fading),
Doppler spread, angle spread (related to the topology of the
scattering region), and in MIMO, correlations between the signal
envelopes received/transmitted from different antennas[5] and our
use of Matlab as a deployment environment takes all these matters
in account.

IV. Implementation of MIMO system:

The MIMO can be easily implemented in the wireless systems at
an operation frequency over 5 GHz. For a frequency at 5.8 GHz,
the wavelength is 5.17 cm. The half-wavelength spacing (L) is
required for achieving independent antenna separation.

Thenan 5 x 5 (5 input and 5 output) MIMO planer antenna needs a
linear length of 17.5 cm (7 x 2.5 cm). This size may be suitable for
mounting on a PC. If we make the antenna spacing smaller than

/2, then the antenna mutual coupling prevails and the
performance of MIMO will be deteriorated.For demonstrating the
performance of MIMO for = =  at the 99 percentile«and
average carrier-to-noise ratio at each receive antenna is 0, 6, 12,
18, and 24 dB:capacity is b/s/Hz versus the number of antenna
elements at each site as shown in Fig(9). The capacity is linearly
proportional to the number of antenna elements.
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99 percentile (Prob[QUTAGE] = .01).
Average signal-to-noise ratio at each
receive antenna is 0, 6, 12, 18, and 24 dB.

300
250 -
200 -
150

100

Capacity (b/s/Hz)

50 +

0

T
0 10 20 30 40 50 60
N- the number of antenna elements

Fig(9): Capacity vs. Number of the antenna elements.

V. Channel Inversion Scheme:

when the transmitter knows the channel, the controlled power is
going to be supplied per channel gain. In this case, keeping
received carrier-to-noise ( ) as a constant entity and hence
varying the power to do so. This technique is called channel
inversion scheme. Here the transmitted power is an inverse of the
channel gain. So, if the channel gain is high, we need to transmit
small amount of power and if the channel gain is low, we need to
transmit high amount of power making the system moderate.

1 Waterfilling Scheme:

The optimum power allocation for the channel can be
found using Waterfilling schemeWhen the channel is
known, /Il 1% values is plotted as the subcarrier
indices i.e. =0,1,..... , — 1. Then the graph shown in
Fig(10)it is supposed to fill the “water” into the empty
vessels up to some defined level which is the height of the
vessel (). Some bars in the graph are higher than the
height of the vessel ( ). In this case pouring nothing.

122

Copyright © ISTJ 4% ghae aaal) (368a
wu ?3""“ @3.\1\ M



International Ly g g

Science and Technology Journal Volume 20 2 e B Tk Jars

il ashall Ay Ayl December 2019 s I STIJ/&

Actually, the water poured in the vessel is the assigned
power to the channel and the vessel is defined as Noise to
Carrier ratio( ). So, when the noise is maximum, the
channel performance is poor leads to transmit minimum
amount of the power and when the noise is very less, the
channel performance is very high, that leads to transmit
maximum power. And hence, transmitter takes advantage
of the better channel conditions.

L]

1
Lol

e
~
>
-
| -
b
a

A

v

12 3 4 5 o7
Fig(10): Waterfilling Scheme.

Total Power= =sum( ).

Power assigned to individual channel:

1
= (2272 (4)
Gain of the 1% channel = ; , Gain of the 2" channel = , and so
on...,
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Power assigned to channel 1 = 1/|| 1||2 , Power assigned to channel
»=1/|| ,|f*and so on,

Power spectral density for noise for each channel =, and ( )
for each channel=

2 — 2 2 2
ne=1 0=+ 0 0+ +10 1 (5)
"where is number of channels"

The channel capacity for this system would be:
= (1+ 01 12— /1 (6)

This scheme is precisely opposite to the channel inversion
scheme. By doing dynamic power allocation this scheme ensures
spending more power when channel is good and hence to boost the
received power [6].

V1. MIMO Deployment Simulation Comparison Results:

By comparing the results of the transmitting and receiving tests
between two systems (shown in Fig(11) and Fig(12)), one depends
on the presence of one antenna,” one transceiver element”, with an
increasing number of callers, and between a multi-transceiver
antenna using MIMO technique, the results show a clear
improvement in channel capacity and signal to noise ratio per user
as shown in Fig(11):
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Average Capacity of a MIMO System for Different Number of Antenna Elemen
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Fig(11):improvement in channel capacity and signal to noise ratio per

user.

This improvement in channel capacity by using 5 radiating
elements in the antenna shows the MIMO tech efficiency
comparing with a CDMA currently used techniques "one radiating

element " showed in Fig(12) in average capacity in system of fixed
number of antenna elements:

Aver;fge Capacity of a CDMA System for Fixed Number of Antenna Element

20

-k
o

Capacity [b/siHz]

nTx=1,nRx =1
—8E—nTx=2,nRx=1|]

= nTx=3 nRx =1
—& nTx=4,nRx =1
—$— nTx=5nRx =1

20 30 40
N - Number of the antenna elements

50 60

Fig(12): average capacity in system of fixed number of antenna

elements.
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VII. Conclusion:

Many years antenna technology has been used to improve the
performance of systems. Directive antennas have been used for
very many Yyears to improve signal levels and reduce
interference.Directive antenna systems have, for example, been
used to improve the capacity of cellular telecommunications
systems. By splitting a cell site into sector where each antenna
illuminates 60° or 120° the capacity can be greatly increased -
tripled when using 120° antennas.With the development of more
adaptive systems and greater levels of processing power, it is
possible to utilize antenna beam forming techniques with systems
such as MIMO because the MIMO beam forming technique can be
used with any antenna system - not just on MIMO systems. They
are used to create a certain required antenna directive pattern to
give the required performance under the given conditions.Smart
antennas with MIMO technique are normally used, these are
antennas that can be controlled automatically according to the
required performance and the prevailing conditions where the
MIMO beam forming uses phased array systems that requires the
overall system to determine the direction of arrival of the incoming
signal and then switch in the most appropriate beam.[7] This is
something of a compromise because the fixed beam is unlikely to
exactly match the required direction. Also,the adaptive array
systems are able to direct the beam in the exact direction needed,
and move the beam in real time " this is a particular advantage for
moving systems a factor that often happens with mobile
telecommunications. However the cost is the considerable extra
complexity required [8][9].
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Abstract

Helicobacter pylori is the major cause agent of chronic active
gastritis and peptic ulcer disease, and is the most common reason
for gastric carcinoma. The treatment to eradicate these bacteria
was failed in many cases, mainly due to antibiotic resistance,
hence the necessity of developing better therapeutic regimens and
the treatment H. pylori by medicine is requiring to antibiotics in
combination with gastric acid inhibitors. H. pylori causes more
than 90% of duodenal ulcers also causes about 80% of gastric
ulcer so in this study we try to investigation of some options to
treat H. pylori by naturally. In general, it's really important that we
find dependable natural treatments of these bacteria. The
compound from these medicinal plants that it responsible for this
activity. We have highlighted some of the important medicinal
plants a for their anti- Helicobacter pylori activity. In this article
we used groups of medicinal plants as Pomegranates, Ginger,
curcuma and Arabic gum that mixed with honey and try to
treatment H.pylori by natural ways, research indicates plants serve
as natural alternatives due to their potency against a wide range of
bacterial and viral pathogens and applied this natural plants on
patients with H.pylori.

Keywords: Antihelicobacter pylori, honey, Ginger, Pomegranates,
Arabic gum, Curcuma.
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Introduction

H.pylori is a spiral-shaped bacterium that H. pylori causes more
than 90% of duodenal ulcers also cauese about 80% of gastric
ulcers. This bacteria found in the gastric mucous layer or adherent
to the epithelial lining of the stomach. Also the lifestyle and spicy
food, acid, stress were the main cause of these bacteria (Tomb, J.
F., et al 1997 ). Many people are infected by H.pylori about 66
%of the world's human population specially In developing
countries also up to 80 percent of adults and 10 percent of children
likely having a H. pylori infection. That bacteria play role in
digestive problems, like gastritis, peptic ulcers and also can H.
pylori cause stomach ulcers, it can also cause ulcers in esophagus
or small intestine (Gonzélez, C. A., et al 2006). Since the
introduction of Helicobacter pylori to the medical community by
Marshall and Warren almost two decades ago, Helicobacter pylori
has been the focus of basic biochemical and clinical research and
debate. Its relevance to human disease, specificall and
Helicobacter pylori is a gram negative, microaerophilic bacterium
that can inhabit most of regions of the stomach, especially the
antrum. It causes a chronic low-level inflammation of the stomach
lining and is strongly related to the development of duodenal and
gastric (Mehmood, A., et al 2010).

Some medications relieve ulcer-related symptoms, heal gastric
mucosal inflammation, and may heal the ulcer, but they do not
treat the infection. When acid suppression is removed, the majority
of ulcers, particularly those caused by H. Pylori (Tomb, J. F.,et al
1997).

The Ginger used traditionally for the treatment of
gastrointestinal ailments such as motion sickness, dyspepsia and
hyperemesis  gravidarum, and also reported to have
chemopreventative activity in animal models. The gingerols are a
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group of structurally related polyphenolic compounds isolated
from ginger and known to be the active constituents. Since
Helicobacter pylori (HP) is the primary etiological agent
associated with dyspepsia, peptic ulcer disease and the
development of gastric and colon cancer, the anti-HP effects of
ginger and its constituents were tested in vitro (Mahady, G. B.,
Pendland, S. L., 2003).

Pomegranates have been known for hundreds of years for
theirmultiple health benefits, including antimicrobial activity.The
recent surge in multidrug-resistant bacteria and the possibility of
widespread global virus pandemics necessitate the need for
additional preventative and therapeutic options to conventional
drugs. (Howell, A. B., & D'Souza, D. H. 2013). In addition, as was
mention in Quran as Allah said (In both are fruits and palms and
pomegranates) al-Rahman.

Honey has been recognized for medicinal properties since
antiquity. It is mentioned for healing purposes in the Bible, the
Quran, and the Torah. It is mentioned in the Edwin. Honey is a
natural product of bees of the genera Apis and Meliponinae. The
bees collect nectar from flowering vegetation (Nzeako, B. C., &
Al-Namaani, F.2006).

Arabic gum ability to remove nitric oxide (NO) diffused into
the intestinal lumen; it may also partially inhibit intestinal nitric
oxide synthase (NOS) and thus modulate intestinal absorption
through these mechanisms. Use of Arabic gum as a food additive
may help in restoring or improving small intestinal function in
conditions where functional damage has occurred according to
reviewing the literature. (Gabas, A. L., et al 12007).

Curcuma is a genus of about 100 accepted species in the family
Zingiberaceae that contains such species as turmeric and Siam
Tulip (Araujo, C. A. C., & Leon, L. L. 2001).
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Material And Method
Plants

The plants used as powdered: Ginger, Arabic gum, Peeled
Pomegranate, Curcuma as shown in (fig 1). These powdered plants
were purchased from Al-cherif Company in Tobruk. chemical
composition of plants and honey shown in Table 1.

Table 1. chemical composition of plants and honey.

Plants Ginger Arabic Pomegranate Curcu Honey
and (Zingiber | gum (Punica ma
honey officinale) | (acacia granatum)
gum)

Most 1-dodecanol 8-5'non cis-9-hexadecenal demethox organic
common hexadecen-1- | cyclic 9-octadecenoic acid, | ycurcumin acids
chemical ol, trans-9 diferulic acid | 1,2,3-propanetriyl bisdemeth | hydroxymet
composition Arabinogalact | ester, (E,E,E)- oxycurcu | hylfurfural
of plant cyclododecane | an methyl- min flavonoids

9.cis.,11.trans.t,13.tr

ans.-

octadecatrienoate

Patients

Collected only four of patients who are allowed us to try this mix
with them in Tobruk city with positive H.pylori testing that
examined by different labs in Tobruk as shown in (Table 2). The
patients were three females are different age and one of them was
boy. We collected them randomly to empierce our mix with them
to treat H.pylory.

Table 2. Patients’ results H.Pylori examination.

Patient Sex Age H.Pylori test Normal
before treatment | rang

A Femal 20 2u/ml

B Femal 33 17u/ml 0.75

C Femal 50 54u/ml

D Male 10 28u/mi
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As in a Table 2 The patient have named by letters (A,B,C and D)
all of them have positive H.Pylori testing in stool and serum the
highest result was 54u/ml and lowest was 2u/ml.

In this study used herbs from the spices that we used in our
daily life because of its many benefits with patients (A, B, C and
D) in this study used all the ingredients that mixed herbs with
honey wherease used 370ml of honey withl0 grams per plants
(Ginger, Arabic gum, Peeled pomegranate, Curcuma) as shown in
Table 3 and (fig 2, 3, 4 and 5) as shwon in Table 3. The
preparation took by patients one tablespoon before breakfast for
one month in cases C & D but in patients A & B only 15 day.

Table 3. The Names of Plants and content the mix.

Palnts Size by gram | Honey
Ginger 109

Arabic gum 10g Mix in 370ml
pomegranate 10g of honey
Curcuma 10g

Figure 1: powdered of plants and honey.
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Figure 2. 370ml of honey with 10 grams per plant

Figure 4. Mix all powdered of plants with honey.
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Figure 5. this finally mix is ready for patients.

Results And Discussion

There are a number of studies on antimicrobial activities by use
pomegranate, Arabic Gum, Ginger, Curcuma. This study was
conducted to interview four patients diagnosed positive H.pylori
testing at Tobruk wherease epxiernace with them spical
preparation which consist of pomegranate, Arabic Gum, Ginger,
Curcuma mixed in honey. In this study we have highlighted some
of the important medicinal plants a for their anti- Helicobacter
pylori activity try to treatment h.pylori by natural ways. Research
indicates plants serve as Natural alternatives due to their potency
against a wide range of bacterial and viral pathogens. In our study
the plants gave good reults and two patients their results were
negative before the recognition of Helicobacter pylorias the main
etiological agent of chronic gastritis and peptic ulcer disease, the
research studies to elucidate the mechanisms by which traditional
medicinal plants exert their actions were focused on some plants
and mixed with honey The present study represents the first
directed work to test exclusively the activity against Helicobacter
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pylori of a large number of traditional plants used for
gastrointestinal illness most these plants have a good activity
against the bacteria.. we will be describe the our results by the
the following ( Table 4):

In patient A and B the course of treatment for approximately 15
days with the gradual improvement of the symptoms of nausea and
heartburns they took about one tablespoon only one time in the
morning before breakfast that program did in the four patients, but
in patient C and D the course of treatment for approximately 30
days with also the gradual improvement of the symptoms of
nausea and heartburns.

Table 4. patient and their results.

Patient Sex Age H.Pylori H.Pylori
test before | test after
treatment treatment

A Femal 20 2 u/ml 0.2 u/ml

B Femal 33 17 u/ml 15 u/ml

C Femal 50 54 u/ml 17 u/ml

D Male 10 28 u/ml 0.1 u/ml

Mahady ( 2003) conduct studies the methanol extract of ginger
rhizome act inhibited the growth of all 19 h. Pylori. Also the
Ginger used traditionally for the treatment of gastrointestinal
ailments such as motion sickness, dyspepsia and hyperemesis
gravidarum, and also reported to have chemopreventative activity
in animal models. (Mahady, G. B., Pendland, S. L., 2003). the
ginger has effect to treatment gastrointestinal ailments such as
motion sickness, dyspepsia and hyperemesis as in this study.
Howell (2013) Results  were about antibacterial benefit
pomegranate extracts against dental bacteria and infections
(Howell, A. B., & D'Souza, D. H. 2013). This study agreement

;\mbewﬂj.ﬂlw
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with him in antibacterial benefit. in addition, the pomegranates
helps to heal stomach wounds and act as sterilization.

Nzeako (2006) conducts studies with both types of honey can
completely inhibit bacterial inhibition completely the growth of
Staphylococcus aureus by two type honeys ,so theyascribed the
different relative antibacterial effects of the honeys (Nzeako, B. C.,
& Al-Namaani, F.2006), the honey is important to our body,
present study agreement with him. In addition, the honey
mentioned in Quran whereas it has role in tratment many diseases
for this reason had used in this study.

Gabas,(2007) his preliminary study shows that high dose mastic
gum has no clinically significant effect against H. pylori in
vivo(Gabas, A. L., 2007), present study the Arabic gum has ability
to ulcer treatment.

Araujo (2001) Curcumin was capable to inhibit the growth of H.
Pylori and the same characteristic of biofilm production appeared
in curcumin treated at 1/8, 1/16 and 1/32 MIC. While, curcumin at
1/4 MIC markedly inhibited biofilm formation (Araujo, C. A. C.,
& Leon, L. L. 2001). The curcumin has important role to inhibition
growth H. pylor as in present study.

Conclusion

Helicobacter pylori is the major etiological agent of chronic active
gastritis and peptic ulcer disease and is linked to gastric carcinoma.
Treatment to eradicate the bacteria failed in many cases, mainly
due to antibiotic resistance, so the necessity of developing better
therapeutic regimens. The compounds from the plants responsible
for this activity and did our treatment in four patients with course
of treatment between 15 to 30 days. We have highlighted some of
the important plants a for their anti- Helicobacter pylori activity. in
this article we used groups of plants as Pomegranates, Ginger
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mixed these plants with honey and try to treatment h.pylori by
natural ways, Research indicates plants serve as Natural
alternatives due to their potency against a wide range of bacterial
and viral pathogens and The results were excellent and gave an
effective reaction against helical bacteria and completely stop of
nausea and heartburns.
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Abstract:

The objective of this study was to evaluate some of the physical
and chemical characteristics of olive oils; to identify and classify
the oils. The olive samples which were studied collected from five
local various farms in Alkhoms - Libya were handpicked at the last
stage of ripening index based on the degree of pulp and skin
pigmentation for examined the physical and chemical properties
(density, specific gravity, viscosity, refractive index, fusion point,
freezing point, acid value, free fatty acid, saponification number
and esther number). Results of the physical and chemical
characteristics of olive oils samples of the current study were
found as the following: density (0.879 -0.912 g/cm?®), specific
gravity (0.878 - 0.911), refractive index (1.4731 - 1.4744),
viscosity (0.828 - 0.873 poise), fusion point (6 - 7.5 C°), freezing
point (2 - 3 C°%), acid value ( 8.42 - 15.9 mg KOH/q), free fatty acid
(less than 2%), saponification numbers (182 - 212.8 mg.KOH/q)
and esther number (166.1 - 204.4 mg.KOH/g ). Samples exhibited
remarkable physical and chemical properties and which are found
to be within the permissible ranges in all terms of the International
Olive Oil Council (I00C) Trade Standards. Current results led to

140 Copyright © ISTJ 4% ghae aaal) (368a
;\mb ?3""“ @3.\1\ M


mailto:grsmt.2017@gmail.com
mailto:grsmt.2017@gmail.com

International gt A
Science and Technology Journal Volume 20 sl PR ——

Al aglal Zulp) Alnal December 2019 s I STIJ/&

the installation of quality, purity and guaranteeing the authenticity
of this olive oil which belonging to Alkoms region.

tuadlall
Ol Libeslly ALl paibiadd) (s aa s Auhall 038 (he Cangd)
leran @ Als leuy b Al ol Jld Glie . oginll Gy iy aaal
Y] Asjall die il 8 Ll — (el Adie b degiia Adaa golhe ued (e
Ll Galdll pasdl 5yl 588, Ql fual dapy ) Bl il G
Ak ¢ leaady) Al L) Jalae cdag3l) ¢ el (ol (AALS) ALl
2 (i) aey Guaill ) ayall daaall (mlea¥l o eall ) el
e @ils llall duhall (& Gainll Gy Gl Akl A8kl ailadl)
- 0.878) =5l sl «( 9/ cm’0.912 — 0.879) L) : Jull gall
0.873 - 0.828) dag3ll «(1.4744 - 1.4731) s dalas ¢(0.911
A (€% 3 = 2) aeaill ik ((C° 7.5 — 6) Llead) ik ((poise
(7 2 oo JH) 3yall Laall (mleall (Mg KOH/g 15.9 — 8.42) aeal
mg 204.4 — 166.1) sy 235 ( mg KOH/g212.8 — 182) (yuaill i)
Gaa aagis aliaYl Byin AdbesSy Al el ciliall Cell.(KOH/g
Ol sl sl Galaall plaill ulaall Jagpd paen 3 L msansall clilaill
G G5l ) daa (e eliig Basa @l ) Allall ikl ¢l L(I00C)
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Key Words: Olive Oil, Physical and Chemical Properties, acidity.
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INTRODUCTION

The oldest cultivated tree in the world is olive tree (Olea
europaeasativa L.) [1], which an important tree of the
Mediterranean countries. Olive tree comprises some 400 species,
and thrives in temperate and tropical climates [2] and it is widely
cultivated for the production of both table olives, oil, and is of
significant economic importance [3]. Olive trees are distributed all
continents about 98% of the world production of olive is
concentrated in the Mediterranean basin countries [4]. Despite the
fact that Libyan country is one of the important olive crop
producers, a considerable amount of foreign exchange is spent on
the import of vegetable oils, including olive oil. Moreover, very
little data is available on total production, uses and characteristics
of Libyan olive oil [5]. Olive oil quality depends on many factors
related to olive tree cultivation and to the harvesting, storage and
olive processing steps and time of particular importance for olive
oil quality are the olive cultivars [6].

Virgin olive oil is obtained solely by mechanical extraction
from the fruit of the olive tree [7] and it should not be exposed to
any heat or refining procedure or treated except for washing
decantation, centrifugation and filtration [8]. Olive oil is a key
component in the diet of Mediterranean people [7], which is
believed to be associated with a relatively long life in good health
and the high level of particular phenolic compounds, to which,
together with the high content of unsaturated fatty acids, the health
benefits of virgin olive oil are attributed [9]. Virgin olive oil has a
colour changing from green to yellow and a distinctive taste and
besides it can be consumed as a food in its natural oil form [10].
During olive growth, a number of physical and chemical changes
occur, many of which are important for the production of olive oil
[11], where the different cultivars can show different
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characteristics  because of their chemical composition,
environmental conditions also can show influence on the oil
properties [12].

Acid value (IA) is an important parameter for evaluating olive
oil quality. 1A is expressed as the amount of KOH (in milligrams)
necessary to neutralize free fatty acids contained in 1 g of oil [13]
and it should be no more than (17mg KOH/g) for olive oil [14].

Acidity is an oldest parameter closely related to the quality of
olive oil [15]. The chemical composition of mature olive fruits
contains various compounds that determine the kind and quality of
the oil such as water, oil, sugars, proteins, acidity Organic,
cellulose and various minerals. Extra virgin olive oil has the
highest purity and an excellent pH (1%). Pure olive oil, which
consists of virgin olive oil and refined olive oil has a pH ranging
between (1-1.5%) very good for direct consumption. virgin olive
oil is an oil extracted from olives without making any changes in
its characteristic. It is a slightly mature olive juicer with an acidity
of about (2%) and should not exceed (3%) as oleic acid [16].

The saponification number (1S) is the number of milligrams of
potassium hydroxide needed to saponate 1.0 g of olive oil with
ranging value between (182 - 190 mg KOH /g). When triglycerides
is heated waterly then boiled with a base such as potassium
hydroxide decompose and produce salts of fatty acid potassium
(soap and glycerol), which are the basis of the soap industry. This
type of decomposition is known as saponification, which
Depending on the length of fatty acid chains, where if the length of
the chain increased the number of grams per oil or fat will
decreased which leads to increasing the saponification number [16,
17, 18].

Ouzzani et al. have been explained that olive oil quality
depends on many factors related to olive tree cultivation: the
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pedoclimatic conditions of cultivation, the harvesting, storage and
olive processing steps and time of special importance for quality of
olive oil cultivar [19]. Baccouri et al. have been demonstrated that
the fertilization, pruning and irrigation of olive trees and this
illustrates the need to define the quality of olive oil from a range of
harvest times and cultivars to establish an optimum harvest time
[20]. Guerfel et al have been reported that Plant density and
number of processing steps; (mainly crushing, malaxation and
centrifugation) effect on the quality of the oil [21]. Kalua et al.
have been reported that the general classification of olive oils into
the different commercial grades is based on free acidity. The
commercial grades separate oil obtained from the olive fruit solely
by mechanical or physical means (virgin) from the other oils that
contain refined oils [22]. Boskou has been demonstrated that the
International Olive Council (IOC) hasdefined the quality of olive
oil based on parameters such as free acidity. The quantity of free
acidity is an important factor for classifying olive oil into
commercial grades [23].

Despite the fact that Libya is one of the important olive crop
producers, an amount of data is available on total production, uses
and characteristics of Libyan olive oil is very little [5]. Thereupon,
it is of importance to carry out more researches in order to throw
the light on the olive oils extracted from olive fruits varieties
cultivated in Libya. However, little efforts have been made, as well
as few reports for the Libyan olive oil varieties have been
published in this concern [3].

Therefore, the purpose of this study was to evaluating some of
physical and chemical characteristics of virgin olive oils extracted
from five of olive fruits cultivated in Libya including density,
specific gravity, viscosity, refractive index, fusion point, freezing
point, acid value, free fatty acid, saponification number and esther
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number. Samples were subjected to comparison to the
International Olive Oil Council (I00C). I0OOC has specified the
quality of olive oil based on physical and chemical analysis
essentially the quantity of free fatty acid which is an important
factor for classifying olive oil into commercial grades and this
certification increases the oil quality affect the stability of these
oils and their suitability for the health of the consumer [24].

I. MATERIALS AND METHODS
Olive oils samples

Five olive oils samples were collected from five farms of
Alsahel, Alkoms region, Libya: [Gomaa Farm (GF) which abduce
about 11.600Km west of alkoms city center and located between
longitude N 32°3358,81 and latitude E 14°1555,08, Ibraish Farm
(IF), Alzwwam Farm (AF), Abdassalam Beleid Farm (BF), Alhaj
Salem Farm (SF)]. Farms (IF), (AF), (BF) and (SF) located near of
(GF). Samples (GF), (IF), (AF), (BF) and (SF) namely Rasli
except the sample (IF) was Spanish kind. Samples were collected
during the period when olives are usually harvested for oil
production (crop season, end of December of 2017 and start of
January 2018). The virgin olive oils were storage for (20 — 25)
days, after that extracted by a mechanical pressing plant. The
virgin olive oils were placed into sterilized bottles.

Chemical and Physical analysis
Physical properties
Physical properties of olive oils determined on each sample
included density, specific gravity, viscosity, refractive index,
fusion point and freezing point. The density of the oil was
determined by weighing an empty beaker and recording its value.
Thereafter, olive oil was poured into the beaker and the weight was
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taken. The density of the oil was thus calculated using equation (1)
and Specific gravity the oil was calculated using equation (2) [25].
_ Wei gtibtislampl e 1
Vol uonbeii lh hbe ak er (1)
(2)

~ Wei oplbtislampl e
~Wei phvtat erdri ppi’ng
The refractive index of olive oils samples determined by
refractometer device. The viscosity of the samples was measured
using Ostwald's Viscometer. The measurements were made at
room temperature by directly inserting a probe into the sample and
the experiments were carried out in triplicate and the average was
considered [26]. Viscosity of olive oils samples was determined by
Ostwald’s Viscometer (German model).

Fusion point and freezing point of olive oils samples were
measured by pouring the oil into a U-shaped tube and then placing
it in a container with a homogeneous solution of water and alcohol
in a volume of (20 ml for both) then cooled in the refrigerator until
freezing then the sample convert from liquid to solid and then
measured the degree of freezing. After a certain time, the sample
begins to fuse and the sample is converted from solid to liquid in
order to measure its Fusion point [27].

Chemical properties

Chemical properties of olive oils determined on each sample
included acid value, free fatty acid, saponification number and
Esther number.

For the acid value (IA) and free oil acidity, a known weight of
olive oil (1g) was dissolved in a mixture of diethyl ether/ethanol
(1: 1 v/v). The mixture was titrated with potassium hydroxide in
methanol (0.05M) in the presence of phenol phthylene as indicator
[28].
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For saponification number (IS), a known weight of olive oil (1

g) was dissolved in alcoholic potassium hydroxide (25 ml) then

evaporated for 30 min. The sample was titrated with chlorydricacid

(0.5N) in the presence of phenol phenolphthalein as indicator [28].

Esther number (IE) is the number of milligrams of

potassium hydroxide needed to saponate one gram of neutral oil
(ie, triglycerides) free of fatty acids [28].

Il. RESULTS AND DISCUSSION
a) Physical characteristics:

There are many physical characteristics of the edible oils such
as density, specific gravity, viscosity, refractive index, fusion point
and freezing point, which are played an important role in assessing
their quality, as well as the consumer acceptability of these
products [3]. The physical quality characteristics of olive oil
varieties (GF, IF, AF, BF and SF) were determined, as illustrated
in Table (2).

Table (1) Physical characteristics of olive oils samples

Laboratory Temperature Laboratory Temperature
at18C° at30C°
Sample | Density | Specific Refractive Viscosity Fus.wn Free.z ng
code (g/cm®) | Gravity Index (poise) Point Point

©) (©)
GF 0.912 0.911 1.4731 0.830 7 3
IF 0.888 0.887 1.4738 0.828 7.5 2
AF 0.879 0.878 1.4739 0.838 7 3
BF 0.894 0.893 1.4744 0.873 7 3
SF 0.886 0.885 1.4743 0.849 6 3

From the obtained results in table (1), it could be observed that
the density at 18 C” of olive oils samples was found between 0.879
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glem® and 0.912 g/cm®. Results are in agreement almost with the
international standard value of density of virgin olive oil (0.910
glem® - 0.916 g/cm?) at 20 C°as reported by IOOC [29].

As shown in table (1), the present results showed that specific
gravity at 18 C° of olive oils samples were found ranged from
0.878 to 0.911. The present results are in agreement almost with
the permissible level of specific gravity of virgin olive oil (0.910 —
0.916) as reported by International Olive Oil Council (I00C).

As reported in table (1), the refractive index at 18 C°was ranged
from 1.4731 to 1.4744 of olive oils samples. These results are in
accordance with those obtained by I00OC and [30], where the
international standard value of refractive index of virgin olive oil
(1.4677 - 1.4705).

As illustrated in the obtained results of table (1), it could be
indicated that the viscosity at 30 C° of olive oils samples were
found ranged between 0.828 poise and 0.873 poise. The present
results are in agreement almost with the international standard
value of viscosity of virgin olive oil (0.84 poise) at 20 C° as
reported by [30].

As shown 1n table (1), the fusion point at 30 C°was ranged from
6 C°to 7.5 C° of olive oils samples. The present results are in
agreement almost with the international standard value of fusion
point of virgin olive oil (5C°— 7C") as reported by IOOC.

The experimental results in table (1) showed that the freezing
point at 30 C°was ranged from 2 C°to 3 C° of olive oils samples.
The present results are in agreement almost with the international
standard value of freezing pointof virgin olive oil (1 C°—2.5 C°) as
reported by 100C.

In fact, the little differences of some present Results were due to
the agronomic and technological conditions influences the varietal
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characteristics appreciated by the chemical composition analysis

[31].

Chemical characteristics:
The Chemical analyses such as acid value, free fatty acid,
saponification number and Esther number are an important
parameters for identify the quality of olive oil [3]. The chemical
characteristics of olive oils samples (GF, IF, AF, BF and SF)
were determined and shown in Table (2).

Table (2) Chemical characteristics of olive oils samples

Free Fatty

Acid Value ( Acid Saponification Esther
Sample 1A) (% oleic Number (IS) Number (IE)
Code (mg KOH/g) acid) (mg KOH/qg) IE=IS-1A
(mg KOH/g)
GF 15.9 %1.60 182 166.1
IF 12.06 %1.21 204.4 192.3
AF 8.42 %0.84 212.8 204.4
BF 14.33 %1.40 196 181.7
SF 15.15 %1.52 193.2 178.1

As illustrated in the obtained results of table (2), it could be
indicated that the acid value (1A) of olive oils samples were found
ranged between 8.42 (mg KOH/ g) and 15.9 (mg KOH/ g), where
that the highest value was for (GF) sample and the lower value was
for (AF) sample as shown in Figure (1).

The acidity of olive oil is influenced by different parameters,
such as degree of ripeness, industrial processes employed for oil
extraction, the cultivator, altitude, climate and several other
factors. The increase in acidity might also be due to delay between
harvesting and extraction (especially if the fruit has been bruised
or damaged during harvesting). The prolonged contact between oil
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and vegetation water after extraction increases the acidity. Careless
of extraction methods, as well as storing olives in heaps or silos,
will lead to increase in the acidity of the oil. The free fatty acid
concentration is thus a direct measure of the quality of the oil and
reflects the care taken right from fruit blossoming to the eventual
sale and consumption of the oil [32- 33- 34].

Acid Value (1A)

18
16 15.15

15.9
14.33
14
12.06
12
10 8.42
I m Acid Value (IA)
GF IF AF BF SF

Figure (1) Acid values of olive oils samples

o N B O

All of the current obtained results were good indicators and
within the allowed limit of International Olive Oil Council (I00C)
( less than 17mgKOH/g) making the olive oil (2018-2019)
appropriate for human consumption and if this value exceeds more
than that, the oil will become invalid due to the harmful effects of
tissues and cells as result of decomposition of glycerides and the
soluble fatty acids associated in the free form [17, 18].

As reported in table (2), the free fatty acid of all olive oils
samples were less than 2% for oleic acid as shown in Figure (2)
and as reported by International Olive Oil Council (IOOC) making
the olive oil appropriate for human consumption.
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acid)
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Figure (2) Free fatty acid of olive oils samples

As shown in table (2), the present results showed that the
saponification numbers (IS) of olive oils samples were found
between 182 (mg KOH/ g) and 212.8 (mg KOH/ g) as shown in
Figure (3). The results of samples were considered to be within the
permissible range of International Olive Oil Council (IOOC) Trade
Standards (184 mg KOH/ g — 196 mg KOH/ g) except (IF, AF)
samples where the values were high due to impurities [16].

250.00

200.00

150.00

100.00

50.00

0.00

Saponification Number (1S)

182.00

212.80
204.40 193.20

169.00

M Saponification Number

(1)

GF

IF

AF

BF

SF

Figure (3) saponification numbers of olive oils samples
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The experimental results in table (2) showed that the esther
number (IE) was ranged from 166.1 (mg KOH/g) to 204.4 (mg
KOH/qg) of olive oils samples as shown in Figure (4).

The ester number depends on the saponification number where
when the saponification number increases, the ester number will
increase also. Presence of the impurities and Lack of the oil purity
lead to this increasing. Saponification value represents the number
of milligrams of potassium hydroxide required to saponify (1g) of
fat under the conditions specified to measure the average
molecular weight of all the fatty acids presented in this process.
Most of mass of fat /tri-ester is in the three fatty acids, it permits
for comparison of the average fatty acid length chain. The long
chain of fatty acids which are found in fats have low saponification
value due to theirrelative fewer number of carboxylic functional
groups for each mass unit of the fat when compared to short chain
fatty acids [35].

Ester Number (IE)

250.00

204.40
200.00 192.30 181.70

166.10 178.10

150.00

® Ester Number (IE)
100.00

50.00

0.00

GF IF AF BF SF

Figure (4) Esther numbers of olive oils samples

CONCLUSION
To our knowledge, no much information existed on physical
and chemical characteristics of olive oil produced in Libya and
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especially in region of Alkoms. Therefore; the purpose of this
study was to evaluate the quality and purity of olive oils through
study the physical and chemical characteristics of olive oil in
Alkhoms, based on the standards and requirements of the
international legislation, in order to provide a qualitative product
to the customer.

In this study, the physical and chemical characteristics of olive
oils samples showed somewhat differences in density, specific
gravity, viscosity, refractive index, fusion point, freezing point,
acid value, free fatty acid, saponification number and esther
number. The Differences were most probably due to impurities of
olive oils samples. However; the obtained results revealed that
the olive oils samples from Alkhoms region were within the
permissible levels in all terms of the international legislation and
they have good properties as they contain low percentages of
acidity, therefore could be utilized successfully as a source of
edible oil for human consumption.

RECOMMENDATIONS

Based on what we studied in this research of physical and
chemical properties of Libyan olive oil, we can suggest
increasing the investigations about amount of data is available on
total production, uses and characteristics of Libyan olive oil to
determine and improve the quality of Libyan olive oil cultivar.
Also we suggest using modern methods to determine the
characteristic of olive oil.
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Abstract
This study has been conducted on the natural gas which produced
in Jalo 59 field. The objective of the study is to estimate gas
specifications through dehydration process, rather than the other
properties such as physiochemical characterization and critical
properties.

The chemical composition of gas shows that the principal
constituent is methane. Other constituents are paraffinic
hydrocarbons such as ethane, propane, and the butanes.

Gas compressibility factor (Z) has been determined through the
calculation of other parameters which shows a value 0.865. On the
other hand, other physical properties are estimated such as
molecular weight, specific gravity, density and specific value
because of their importance for gas specifications.

The gas chromatography analysis of Jalo 59 field reveals that
sweet gas, where the main components are methane and ethane
with mole fraction 0.74 and 0.12 respectively, while the other
components represent the rest ratio of mole fraction. The

159 Copyright © ISTJ 4% ghae aaal) (368a
;\mb ?3""“ @3.\1\ M




International iyl 5 i
Science and Technology Journal Volume 20 2 tsans eenr o Teekasng Joursl

il aolell ulp) Al December 2019 s I STIJ/&

impurities that represented by N,, CO, and H,S are 0.019385,
0.00926 and 0.000 respectively. The calculated properties exhibit
results meet the required gas specifications.

In the Jalo gas field a glycol dehydration plant removes 72 Ib/day
of water vapor from a stream of gas to produce a dew point of
23°F. The glycol concentration is 99.15% with flow rate per
minute 1.7 gpm. The glycol reboiler temperature is 400 °F. The
results obtained reveal good results of treatment that meet the
specifications of natural gas requirements.

Keywords: Natural gas, critical properties, pseudocritical
properties, processing, glycol dehydration, treating plant.

1. INTRODUCTION

Natural gas is used primarily as a fuel and as a raw material in
manufacturing. It is used in home furnaces, water heaters, and
cooking stoves. As an industrial fuel, it is used in brick, cement,
and ceramic-tile kilns; in glass making; for generating steam in
water boilers; and as a clean heat source for sterilizing instruments
and processing foods. As a raw material in petrochemical
manufacturing, natural gas is used to produce hydrogen, sulfur,
carbon black, and ammonia[1]. The ammonia is used in a range of
fertilizers and as a secondary feedstock for manufacturing other
chemicals, including nitric acid and urea. Ethylene, an important
petrochemical, is also produced from natural gas [2].

Natural gas is considered as an environmentally friendly clean
fuel, offering important environmental benefits when compared to
other fossil fuels. Natural gas is also a very safe source of energy
when transported, stored, and used[3].
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The objectives of this studipr the investigated natural gas
produced in Jalo 59 field is to identify the different processes of
treatment in the various units, and its properties as well as
specifications that required to meet the demands. Also, describing
the composition, phase behavior and properties.

2. LITERATURE REVIEW

There are many researches have been study the different
techniques for natural gas processing. Hossain (2016) presented a
study for dehydration of natural gas in Bangladesh to remove the
water that is associated with natural gases in vapor form.
Dehydration method, selected based on the gas property and
location of gas field as well as customer demand. Most of the gas
Field in Bangladesh are using Glycol (89 %) to dehydrate gas
other used solid desiccant (Silica Gel, Molecular Sieve, 9 %).
Glycols used for dehydrating natural gas in Bangladesh is ,
triethylene glycol (TEG),which has universal acceptance as most
cost effective due to its superior dew point depression, operation
cost and operation reliability. The study reveals that these
techniques are more effective in dehydration processed [4].

Mohamed (2017) studied the separating condensable of gaseous
mixtures using supersonic separators are compact devices capable
for separation process in the application of these separators in the
dew point control of natural gas. This study regards as an alternate
design of the supersonic separators based on inducing centrifugal
separation using a U-shaped diffuser is presented. Computational
Fluid Dynamics models were used to simulate the design, predict
the flow dynamics of the gaseous mixture, and compare to the
conventional swirl type design. It was shown that potentially more
efficient separation with a higher rate of pressure recovery can be
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achieved with the proposed design when compared to the
conventional designs [5].

Firas (2018) study some technologies include amine absorption,
the adsorption process, cryogenic processes, and membranes. The
study aims to simulate the gas sweetening process by using the
Aspen HYSYS V.7.3 program. Moreover, in this simulation work,
MEG (Mono Ethylene Glycol) was selected as an absorbent for the
gas sweetening process: it achieved high acid gas removal and
reduced the water content from a stream of natural gas. In addition,
the simulation work also achieved process optimization using
several MEG concentrations and temperatures. It also investigated
the effect of MEG concentrations and the inlet temperature of
MEG on the regeneration reboiler temperature and duty[6].

3. LOCATION OF STUDY
This study has been conducted on the natural gas produced in Jalo
59 gas field of Waha Qil Company.

4. METHODOLOGY

Gas dehydration in natural gas treatment plant of Jalo 59 field used
natural gas as fuel to the turbines so have to operate generators
with the dry gas which is increase the life span of machines. In
Waha Oil Company tri-ethylene glycol (TEG) is used in treating
process for absorption the humidity. Its contributes to its high
water solubility, solvent properties and reactivity with many
organic compounds.

5. NATURAL GAS PROPERTIES
The main important gas properties including specific gravity,
compressibility factor, formation volume factor, density,
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isothermal compressibility and viscosity. Most of these properties
have been determined because of their importance.

6. RESULTS AND DISCUSSION

There are many factors and parameters as well as the gas
properties have Dbeen determined to distinguish the gas
characteristics to meet the specification of natural gas requirements
as following:

6.1. Properties of Natural Gas at Jalo 59 Gas Field
Natural gas properties of at Jalo 59 gas field are presented Table 1.

6.2. Gas Chromatography Analysis

Table 1 Physical properties of the natural gas

Property Value
Density 432.34 g/m’
Boiling point -158°C
Specific value 49313.32 m*/kg
Critical temperature -82.3°C
Critical pressure -4638.9 kpa

Gas chromatography analysis and the physical properties of Jalo
59 field are illustrated in Table 2.

6.3. Determination Natural Gas Properties

Table 3 shows the calculations of Pseudocritical properties of
natural gas at Jalo 59 field.

6.3.1. Molecular Weight
The molecular weight is calculated to be = 22.030

6.3.2. Specific Gravity

22030
Y h 0.761

Vg:M/Mai:r
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Table 2 Composition and physical properties of Jalo 59 natural gas

Component Mole Molecular Critical Critical
Fraction | weight (M;) | Temperature | Pressure
(VD) (R) (psia)
CH,4 0.74063 16.043 343.00 666.4
C,Hs 0.12039 30.070 549.59 706.5
C3Hs 0.06819 44.097 665.73 616.0
iC4Hyg 0.01105 58.123 734.13 527.9
nC4Hyo 0.02090 58.123 765.29 550.6
iCsH 1, 0.00478 72.150 828.77 490.4
nCsH1, 0.00431 72.150 845.47 488.6
CeH14 0.00114 86.177 913.27 436.9
N, 0.01935 28.013 227.16 493.1
CO, 0.00926 44.010 547.58 1071.0
H,S 0.0000 34.080 672.35 1306.0
Total 1.0000

6.3.3. Pseudocritical Properties

Pseudocritical

=67¥19

pressure and temperature are determined by
knowing gas-specific gravity based on the correlations and charts.
The calculations are presented in Table 3. One set of simple
correlations is Standing [7]:

07 6%1=66.69 8

=168325-1352

076%=40886

-35B2

6 7¥19Dx0.764123 bx

16832507641 5%
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Table 3 Pseudocritical properties calculations

Mole Mol. Critical Critical press.
Components | fraction Wt. Temp. psia
‘R
Vi M; YiM; T il P YiP;
CH, 0.7406 16.043 11.870 227.16 168.088 493.1 364.894
C:H; 0.1203 30.070 3.617 343.00 41.160 666.4 79.968
C;H; 0.0681 44.097 2.999 549.59 37.427 706.5 48.112
iC4Hip 0.0110 58.123 0.639 665.73 7.323 616.0 6.776
nC Hyy 0.0209 58.123 1.215 734.13 15.343 527.9 11.033
iCsHy» 0.0047 72.150 0.339 765.29 3.597 550.6 2.588
nC:H;; 0.0043 72.150 0.310 828.77 3.564 490.4 2.109
CsHyy 0.0011 86.177 0.095 84547 0.930 488.6 0.489
Na 0.0193 28.013 0.541 913.27 17.626 436.9 8.432
CO, 0.0092 44.010 0.403 547.58 5.038 1071.0 9.853
H:S 0.0000 34.080 0.000 672.35 0.000 1306.0 0.000
> yi= >yiM; Vil Y¥iPa
1.0000 =22.030 =300.085 =534.25
4

6.3.4. Pseudoreduced Properties

Calculation the pseudoreduced properties by knowing pressure and
temperature values of natural gas as following:

11946
40886

0
=140

Compressibility factor Z factor can be estimated as 0.865

7. Jalo 59 Gas Dehydration
Gas dehydration is widely used in natural gas treatment plant as a
common process, because water and hydrocarbons can form
hydrates which may block valves and pipelines. Jalo 59 field used
natural gas as fuel to the turbines so have to operate generators
with the dry gas which is increase the life span of machines. Until
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today among the most popular dehydration technology is either
absorption or adsorption process. In Waha Oil Company tri-
ethylene glycol (TEG) is used in treating process for absorption the
humidity.

7.1. Water Vapour Content of Gas

Gas contains water vapour just as air has humidity. Water vapour
content of gas is expressed as mg water vapour per m*® of gas or
kg/million m* (Ib/MMcf).

Almost all gas and oil reservoirs are underlaid with water. Thus,
gas produced will be saturated with water vapour. In other words,
its relative humidity is 100%. If the produced gas is cooled, some
water will condense.

The water vapour content will depend on the temperatureand
pressureof the gas; as the pressure goes up, the water vapour
content goes down; but as the temperature goes up, the water
vapour content also goes up.

Figure 1 indicates the maximum water vapour content of gas at
various temperatureand pressure They are used to determine
water vapour content of gas from gas or oil wells. The data
obtained from Jalo gas field presented in Table 4.

From chart of water vapour content at the inlet pressure 900 psi
and inlet temperature110°F the water vapour content in the natural
gas is 72 Ib/MMcf/day.

Note that cooling the gas 20°F reduce the water vapour content
from 72 to 44 Ib/MMcf which is 39% reduction. Thus the
temperature of the gas entering a hydration plant should be as
possible in order to lower the amount of water vapour the
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dehydrator must remove. The minimum temperature to which gas
should be cooled is above that at which hydrate will form.
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Fig. 1 Water content of natural gas [8]

Table 4 Jalo 59 gas field data

Parameters Values
Gas temperature 60°F
Outlet as pressure 14.7 psi
Inlet as pressure 900 psi
Inlet temperature 110°F
Gas flow rate 6.8 MMscf/day (0.993 m*/day)
Number of trays in the 10
conductor tower
Reboiler temperature 350°F
Gas outlet dew point Wet gas from 32°F to 5°F
Dry gas from 23°F to 4°F
Water vapour rate 0.84%
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7.2. Moisture Content of Gas
The moisture content graph used for determining the amount of
moisture which must be removed from gas in a dehydration plant.

In the Jalo gas field the gas flowing at rate 6.8 MMscf/day enters a
dehydration plant at 110°F and 900 psi. Dry gas from the plant
enters a refrigeration process plant where its temperature will be
lowered to 23°F. The dew point of the dry gas must be 23°F. In this
case the water must be removed from the gas each day is:

The water content of outlet gas at dew pointtemperature (4°F) is
4.2 Ib/MMcf (from Fig.1).

Then, water removed in dehydration plant is 72 — 4.2 = 67.8
Ib/MMcf

Since gas flowing at rate 6.8 MMscf/day
Then, the total water removed/day 67.8 x 6.8 = 461 Ib/day

7.3. Dew Point

Since the purpose of the glycol plant is to remove moisture from
the gas stream, the performance of the plant is measured by
determining the quantity of moisture in the outlet gas from the
contactor. The moisture content is often determined with a device
that measures the dew pointof the gas.

The dew point is the temperature at which water will condense
from gas as it is cooled. The relative humidity of gas at its dew
point temperature is 100%. In other words, if gas containing water
vapor is cooled to the point that some of the moisture turns to
liquid, the temperatureat which liquid first start to form is the dew
point.

The quantity of water vapor contained in the gas at its dew point
will depend upon the gas pressure. Figure 1 indicates the amount

168 Copyright © ISTJ 4% ghae aaal) (368a
;\mb ?3""“ @3.\1\ M




International gt A
Science and Technology Journal Volume 20 sl PR ——

il aolell ulp) Al December 2019 s I STIJ/&

of moisture that gas contains at various temperatures and
pressures. When gas is at its dew point, its water content will be
that shown on the curves at the gas pressure and dew point
temperature.

For the treated gas in Jalo gas field, the dew point from a
dehydrator is 23°F and pressure 900 psi, hence the water vapour
content of the gas at its dew point is 7 Ib/MMcf at 30°F according
to the Table 5, which shows the dew points at different pressures.

On the other hand, when the gas from a dehydrator enters a
pipeline at 900 psi, the dew point of the treated gas must not
exceed 30°F.

Table 5 Dew points at different pressures [9]

Dew point (@ 7 Gas
Ib/MMecef pressure

(psi)

19 ' sS00

21 F 550

22 'F 600

24 'F 650

25 F 700

27 °F 750

28 'F 800

29 'F 850

30 F 200

31 F 950

32 F 1000

33 F 1050

34 'F 1100

35 F 1150
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7.4. Hydrate

Hydrate is a mixture of water and gas that freezes above 0°C
(32°F). It forms when non-dehydrated gas is cooled to the
temperature at which hydrate forms, and water is present. Hydrate
can restrict or completely block flow. The conditions at which
hydrate are shown on the next pages.

According to Figure 1 the hydrate formation conditions of the
studied natural gas at pressure 900 psi are:

1. The hydrate formation temperature at gas pressure is about
62°F.

2. Degree safety factor is 20°F.

3. Minimum temperature of gas outlet cooler is 82°F.

7.5. Glycol Flow Rate to Contactor

7.5.1. Control of Dehydration Plant

As long as the gas leaving the dehydration plant has a dew point,
the plant is performing satisfactory, regardless of what the
operating conditions may be. However, satisfactory operation is
not necessarily ideal operation. Ideal operation occurs when the
moisture content of the outlet gas is slightly below specification,
and the cost of operating the plant is at a minimum.

The main operating expenses are those of fuel gas to the reboiler
and stripping gas. Consequently, these flows should be held as low
possible to keep the operating cost down. The reboiler fuel rate (or
rate of other sources of heat) is almost totally dependent upon the
glycol flow rate [9].

Table 6 is used to determine the glycol flow rate in plants that do
not use stripping fluid or coldfinger.
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In Jalo gas field the contactor in a dehydration plant has 10 trays,
and the inlet gas temperature is 110°F, the glycol circulation rate is
4.5 gallon per pound of water vapour removed from the gas.

7.5.2. Glycol Concentration

The first item in controlling a dehydration plant is that of cooling
the inlet gas to the lowest temperature that is safely above the
hydrate formation temperature. After this, there only two operating
control points:

1. Glycol Flow Rate
2. Glycol Concentration
7.5.3. Control of Pipeline Quality Plants
As previously mentioned, there are 2 control points:

1. Glycol Flow Rate. This is determined from Table 6.
2. Glycol Concentration. Concentration is controlled with stripper
reboiler temperature using Figures 2 and 3.

Table 6 Glycol unit circulation rate [9]

Number of Inlet gas TEG circulation
e Sl tem‘}?;‘;‘t”re Liters Gal TEG/ID
TEG/kg water | water vapour
vapour
4 80 40 5
4 90 48 6
4 100 64 8
6 80 20 2.5
6 90 24 3
8 100 40 5
10 110 48 5
12 80 16 2
12 90 16 2
12 100 24 3
12 110 40 4
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Fig. 2 Determination of lean glycol concentration [9]

In the Jalo gas field a glycol dehydration plant removes 72 Ib/day
of water vapour from a stream of gas to produce a dew point of
23°F. The contactors has 10 trays, and the inlet gas temperature is
110°F. Hence, the glycol flow rate, concentration, and reboiler
temperature can be determined as following in Table 7.

7.5.4. Control of Low Dew Point Plants

If the lean glycol concentration has to be higher than 98.6% in
order for treated gas water vapour content to meet specification,
some means other than reboiler temperature must be used.

When one of the high concentration methods is used, the stripper
reboiler temperature should be held at its maximum 400°F, and the
glycol flow rate should be held constant at 5 gal of TEG/Ib of
water removed.
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Fig. 3 Determination of rebo

Table 7 Glycol flow rate, concentration

iler temperature[9]

, and reboiler temperature

Water vapour removed from a gas

72 Ib/MMcf/day

Unit glycol flow rate at 110°F
(43.33°C) and 10 contactors has
trays (Table 6)

5 gal/lb of water

Daily glycol flow rate

461 x 5 = 2305 gal

Flow rate per minute

2305/24 x 60 = 1.60

gal/minute
Treated gas dew point 23°F
Inlet gas temperature 110°F
Glycol concentration (Figures 2) 99.15%
Glycol reboiler temperature (Figures | 400°F (maximum
3) temperature)

If the inlet gas temperature changed to 95°F and treated gas dew
point of 30 °F, glycol concentration must be 98.4%, and the
reboiler temperature required to produce 98.4% at sea level is

383°F.
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7.5.5. Glycol Flow Rate, Concentration and Stripping Gas
Flow

To determine glycol flow rate, concentration and stripping gas
flow for the dehydrator having 10 trays in the contactor for Jalo

gas field the calculations are presented in Table 8:

Table 8 Glycol flow rate, concentration and stripping gas flow

Inlet gas temperature 110°F

Inlet gas pressure 900 psia
Inlet gas flow 6.8 MMcf/d
Treated gas water vapour 7 Ib/MMcf
1. Determine weight of water vapour to | 79 Ib/MMcf
remove from gas water vapour in inlet

gas (Figure 1)

Water vapour in outlet gas 7 Ib/MMcf

Water vapour to remove

79 -7 =72 Ib/MMcf

Gas flow per day

6.8 MMcf

Total water removed per day

72 x 6.8 =489.6 Ib/d

2. Treated gas dew point (Table 5) 30°F

3. Glycol concentration at inlet | 99.15%
temperature and dew point specification

(Figure 2)

4. Stripping gas must be used to produce
a concentration of 99.15% (Table 6).

5 gal/lb water

Daily glycol flow rate

489.6 x 5 = 2448 gal

Flow rate per minute

2448/(24 x 60) = 1.7

gpm
Treated gas dew point 23°F
Glycol reboiler temperature (Figure 3) 400°F

8. CONCLUSION

From the previous study which aiming to estimate the
specifications for the natural gas treated in Jalo 59 field we can
conclude the following:
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The physical, thermal and thermodynamic properties such as
critical temperature, critical pressure, pseudocritical temperature
pseudocritical pressure, pseudreduced temperature, pseudreduced
pressure have been determined to determine gas compressibility
factor (Z) which shows a value 0.865.

Other physical properties are estimated e. g. molecular weight,
specific gravity, density, boiling point and specific value because
of their importance for gas specifications, that exhibit a results
meet the required gas specifications.

Gas chromatography analysis of Jalo 59 field reveal that sweet gas,
whereas the main components are methane and ethane with 0.74
and 0.12 mole fraction respectively, while the other components
represent the rest ratio of mole fraction. The impurities that
represented by N, CO, and H,S are 0.019385, 0.00926 and
0.000% respectively.

Gas flowing at rate in Jalo gas field 6.8 MMscf/day, and the water
vapour content in the natural gas is 72 Ib/MMcf/day.

The water content of outlet gas at dew pointtemperature 4°F is 4.2
Ib/MMcf, and the total water removed/daig 461 Ib/day.

In Jalo gas field a glycol dehydration plant removes 72 Ib/day of
water vapour from a stream of gas to produce a dew point of 23°F.
Whereas glycol concentration 99.15% , flow rate per minute 1.7
gpm and reboiler temperature 400°F (maximum temperature).

The results obtained reveal good results of treatment that meet the
specifications of natural gas requirements.
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Abstract

This paper focusess on the effect of cooling profile on the
crystallization behaviour of polyethylene blends, and how by
varying the crystallization conditions the co-crystallization region
will change. Temperature rising elution fractionation (TREF)
technique was used for fractionate the polymers and blends. Each
of the TREF fractions was studied using both Differential scanning
calorimetry (DSC) and Crystallization Analysis Fractionation
(CRYSTAF) to determine whether the fraction contained both
types of materials. It is shown that the difference in the
crystallization  fractionation  mechanisms  between  DSC,
CRYSTAF and TREF can be exploited to study co-crystallization
effects in polyethylene blends. Results also show that by varying
the heating and cooling profiles in DSC and CRYSTAF, the co-
crystallization fractions will be a single fraction or as two separate
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fractions. The results show a unique visual illustration of any co-
crystallization regions in the blends as well as how much the
crystallization conditions effect the blend crystallization

Keywords: Co-crystallization; Blends; Polyethylene, CRYSTAF,
TREF, DSC
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Introduction

Polyethylene and polypropylene (PP) are very important
polyolefin polymers and the fastest growing polymer family.
Blending of two or more different polymers is often used to create
new polymeric materials, which allows the combination of
desirable properties of the respective polymers with advantages
over those of other polymeric materials. For example, blending an
amorphous polymer with a crystalline polymer is a convenient way
of improving the impact strength, toughness, ductility and other
physical properties of the material [1].

The properties of polymer blends (such as mechanical strength,
surface bonding, and resistance) are a strong function of the blend
morphology. This morphology and the associated phase behaviour
strongly depend on the co-crystallization between the components
of the blend. Thus, a fundamental understanding of the co-
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crystallization between the components in a blend is crucial for
end applications.

Blending of polyethylene with different branch contents, such
as HDPE, LDPE and LLDPE, allows for the production of a broad
range of materials with a variety of different properties.

Blends of HDPE, LDPE and LLDPE are widely used in
industry. However, as mentioned earlier, various PEs exhibit
different characteristics and properties. Therefore, different types
of PE are often blended together to meet various kinds of
requirements of processing and final product properties. For
example, LLDPE has better characteristics such as flexibility,
resistance so the environment, shear strength, and thermal
properties compared to HDPE. However, LLDPE has
disadvantages in yield stress, melt strength, and hardness. In order
to modify these latter properties, the LLDPE is usually blended in
small quantities with HDPE to improve flexibility and reduce
extruder backpressure [1,2]

The degree of co-crystallization in polyethylene blends was first
studied in the 1960s, using differential thermal analysis techniques
[3]. More recent studies have used other techniques such as
electron microscopy, both small and wide angle X-ray scattering,
infrared spectroscopy , neutron scattering, and small angle light
scattering [4-14].

Experimental

Materials and preparation of blends

The LDPE that was used in this study was a Sasol polymer (XHF
77/50), prepared in an autoclave reactor using free radical
polymerization. This LDPE had a melt flow index (MFI) of 1 g/10
min and a density of 0.922 g/cm?®.
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The plastomer that was used was from the Affinity range of
DOW Chemicals. Plastomer (PL1881) had a MFI of 1 g/10 min
and a density of 0.904 g/cm?®. The plastomer consisted of ethylene,
with octane as comonomer. The percentage comonomer content
was 9.26 % as determined from the ** C NMR spectra.

The HDPE that was used was BP Solvay polyethylene. It had a
MFI 0.3 g/10 min and a density 0.959 g/cm®. The blends were
prepared using solution blending (All percentages by mass %).

A) 60% HDPE + 40% LLDPE
B) 60% HDPE + 40% LDPE
C) 50% LDPE + 50% LLDPE

Fractionation

Temperature rising elution fractionation (TREF)

Temperature rising elution fractionation, which separates semi-
crystalline polymer chains based on the relative crystallizability of
molecules was used to fractionate both the polymers and the
blends. Two temperature profiles in prep-TREF were used.

1. In the normal TREF (profile A), 2 g of polymer was
dissolved in 200 mL of xylene, followed by the addition of 3 mg of
an anti-oxidant. The solution is heated to at 130 °C to ensure that
the whole sample is dissolved. 2-2.5 Kg of a heated inert support
was added (sea sand). This mixture was then placed in a 1-L round
bottom flask and placed into a preheated oil bath with attached
temperature profiler. The mixture then slowly cooled at a cooling
rate of 1 °C/h, allowing the polymer molecules to crystallize on the
support according to their crystallizabilities. After cooling, the
sample was transferred to a metal elution column which was
placed in a gas chromatography (GC) oven for the elution step. A
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stepwise heating was applied, with solvent flowing through the
column. As a result, chains which crystallize with difficulty were
eluted first (at lower temperatures). As the temperature increased,
less defective and more perfect chains were eluted.

2. In quench TREF (profile B), the solution was rapidly
crystallized prior to elution, as opposed to slow crystallization. In
quench TREF the polymer was dissolved in a solvent at high
temperatures. A heated inert support was added, and the mixture
then quench cooled by placing it in an ice bath. In the elution step
a stepwise heating was applied, with solvent flowing through the
column.

Characterization
Crystallization analysis fractionation (CRYSTAF)

CRYSTAF was carried out using a CRYSTAF commercial
apparatus, model 200, manufactured by Polymer Char S.A.
(Valencia, Spain). Prior to the fractionation, about 20 mg of
sample is dissolved at 130 °C in 1,2,4-Tricholobenzene inside a
crystallization vessel (volume 60 ml). Different cooling rate
profiles were used to investigate effect of this change on the co-
crystallization region. The dissolution step was followed by the
stabilization period, during which the temperature of the polymer
solution was kept a few degrees above the initial crystallization
temperature. During the crystallization step, the temperature of the
solution was decreased at a constant cooling rate, typically in the
range of 0.08-0.25 °C/min. This allows the polymer chains with
the highest crystallizabilities to precipitate first at high
temperatures, followed by the chains with lower crystallizabilities.
A slow cooling rate is essential to minimize undesirable
crystallization  kinetics and co-crystallization effects. The
concentration of the polymer in the solution as a function of the
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crystallization temperature was monitored through the on-line
infrared detector and recorded by the data acquisition software.
Differential scanning calorimetry (DSC)

The crystallization and melting behaviour of the polymer and
their blends was studied using a TA Instrument Thermal Analysis
DSC standard cell. The following program was used for DSC
analysis. Approximately 4-5 mg of each sample was used for DSC
analysis. All the experiments were performed after heating the
samples to 180 °C at a rate of 10°C/min to eliminate the thermal
history. The crystallization curves were obtained by cooling the
sample from the melt to -40 °C at a rate of 10 °C/min. The melting
curves were obtained on reheating the sample to 180 °C at the
same scanning rate. The data were only stored on the second run.

Results and discussion

TREF results

The raw data of the HDPE-LLDPE blend obtained after
fractionation by TREF profile A are shown in Table 1. Fourteen
fractions were collected for this blend.

Table 1: Raw data of the HDPE-LLDPE blend obtained after TREF
fractionation

Wi%/ D

Temperature | Mass | Wi | Wi(%) | Swin | DT T

(°C) () (°C)

30 0.10 0.08 7.60 7.61 30 -

40 0.02 0.01 1.11 8.72 10 0.11

45 0.01 0.01 0.55 9.27 5 0.14

50 0.01 0.01 0.68 9.95 5 0.48

55 0.07 0.02 2.39 12.35 5 1.34

60 0.09 0.08 6.72 19.06 5 1.18
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65 0.07 | 0.06 5.88 24.95 5 1.38
70 0.08 | 0.07 6.90 31.85 5 1.14
75 0.07 | 0.06 5.68 37.53 5 1.06
80 0.09 | 0.05 5.29 42.82 5 0.22
85 0.10 | 0.01 1.13 43.95 5 1.71
90 0.11 | 0.09 8.57 52.52 5 451
100 0.54 | 0.45 45.05 97.57 10 0.24
110 0.03 | 0.03 243 100 10 0.11

Figure 1 illustrates the weight fraction of prep-TREF fractions for
a HDPE-LLDPE blend at profile A. it can be seen clearly that the
peak maximum at about 97 °C corresponds to HDPE. However,
there is a broad peak in the range between 60° C and 70 °C, which
corresponds to LLDPE. The shoulder at about 80 °C may indicate
the effect of co-crystallization. It is expected that some of the
HDPE chains are incorporated in the LLDPE chains and crystallize
at a lower temperature.
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Figure 1. The SWi % and Wi%/ DT vs TREF elution temperature for a
HDPE-LLDPE blend at profile A
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Figure 2 illustrates the weight fraction of preparative TREF
fractions for the HDPE-LDPE blend at profile A. It shows two
distinct peaks, at 75 °C and 95 °C. The peak at 75 °C corresponds
to the same temperature as the peak maximum of LDPE. The
region between this peak and the peak at 95 °C could be associated
with the effect of co-crystallization, where there are some HDPE
chains incorporated with LDPE which are crystalline at lower
temperatures. The second peak at about 95 °C is due to the HDPE
chains, which have few branches and therefore elute at higher
temperature.

100 =
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W%
W %/AT

40 4

-
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1 1 L) v L) L] T L)
30 40 50 60 70 80 90 100 110 120
TREF elution temperature (°C)

Figure 2. The SWi % and Wi%/ DT vs TREF elution temperature for a
HDPE-LDPE blend at profile A

The weight fraction of prep-TREF fractions for the LDPE-LLDPE
blend at profile A is presented in Figure 3. The figure shows
clearly a very broad peak, between 55 °C and 85 °C. As we
compare this figure to the previous blends, we see that the first
peak corresponds to the crystallization of LLDPE chains and the
second peak corresponds to LDPE.
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Figure 3. The SWi % and Wi%/ DT vs TREF elution temperature for a
LDPE-LLDPE blend at profile A

Because the blending ratio used was 50% LDPE and 50%
plastomer, and the crystallization temperature (Tc) for both the
polymer and the plastomer is very similar, there is a large overlap
between the two elution peaks. This indicates that in this blend
there is a relatively large fraction where co-crystallization can be
expected.

Similar result was shown in prep-TREF for profile B figure 4. The
weight fraction of prep-TREF fractions for the HDPE-LDPE blend
where the samples were quench cooled. This was done to try to
force the co-crystallization and therefore co-elution in TREF. Two
peaks are seen, at 75 °C and 95 °C respectively. Once again, the
first peak corresponds to LDPE, where there is a high amount of
branching, which allows it to crystallize at low temperature. The
areas in between the two peaks indicates the region of possible co-
crystallization, where some HDPE chains may be incorporated into
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the crystalline structure with some LDPE chains and crystallize at
the same time due to the quench-cooling profile. The second peak
represents HDPE where there is a limited amount of chain
branching.

When Figures 4 and 2 are compared it can be seen that two
peaks appear in both cases but the co-crystallization region has
changed significantly.
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Figure 4 The Wi % and Wi%/A T vs the quench TREF elution
temperature for a HDPE-LLDPE blend.

Figure 5, shows the weight fraction of prep-TREF fractions for
a LDPE- LLDPE blend where the sample was quench cooled. A
very narrow peak was detected at 72 °C, and a slight shoulder at
lower temperature, which may be due to a high branch content. A
comparison between the quench TREF and normal TREF profiles
for the LDPE-LLDPE blend (Figures 5 and 3) indicates that the
same peaks are present in both cases but there is a significant
change in the peak width. In the case of the quench-cooled sample
there is a narrow peak with a small shoulder, and a very broad
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peak in the case of the normal TREF. This is due to the difference
in the crystallization cooling rates.
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Figure 5 The Wi % and Wi%/ A T vs quench TREF elution temperature
for a LDPELLDPE blend.

Indications are that quench cooling has a significant effect on each
of the TREF blend profiles, most notably in the possible co-
crystallization

CRYSTAF results

CRYSTAF was carried out using three different cooling rate
profiles to investigate the effect of the cooling rate on the
CRYSTAF profiles.

1- CRYSTAF at profile A, where the cooling rate was 0.25 °C
/min.
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2- CRYSTAF at profile B, where the cooling rate was 0.15 °C
/min.

3- CRYSTAF at profile C, where the cooling rate was 0.1 °C /min.

4- CRYSTAF at profile D, where the cooling rate was 0.08 °C
/min.

CRYSTAF traces for the HDPE-LLDPE blend at different cooling
rate profiles are shown in Figure 6.
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18 0.15 °C /min (profile B) Slow cooling
1 —— 0.10 °C /min (profile C) _—
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Figure 6.The CRYSTAF traces for the unfractionated HDPE-LLDPE
blend at different profiles.

In all cases, there are two crystallization peaks, in the range of 55
°C and 85 °C, which correspond to LLDPE and HDPE
respectively. However, there is a significant shift in those peaks
with a change in cooling rate. There is a progressive shift in the
peak to a lower temperature as the cooling rate is increased. This is
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in agreement with the findings of Anantawaraskul et al. [15], who
noted that a slow cooling rate permits the polymer molecules to
crystallize at higher temperatures.

The broadness of the peaks also increases with an increased
cooling rate. In order to quantify the broadness of the HDPE peak
the CRYSTAF data was fitted using a simple Gauss function, from
which the full width at half maximum (FWHM) could be
determined. This value allows for the quantification of the peak
broadness. The results of this analysis of the CRYSTAF traces of
unfractionated HDPE-LLDPE blend are summarized in Table 2.

Table 2: Broadness of the HDPE crystallization peaks calculated by
Gauss function for the HDPE-LLDPE blend

CRYSTAF cooling rate FWHM for CRYSTAF
(°C/min.) peak of HDPE--LLDPE
0.08 2.10 (£ 0.09)
0.10 3.21 (£ 0.07)
0.15 3.84 (£ 0.03)
0.25 4.44 (£ 0.03)
DSC results

DSC was applied in four profiles, as summarized below:

1- DSC at profile A, where the cooling rate was 10 °C/min (normal
profile for polyolefins)
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2- DSC at profile B, where the same cooling rate (as in 1) was
applied, but the temperature was held isothermally above the
crystallization peak (103 °C) for 15 minutes

3- DSC at profile C, where normal TREF fractions were
introduced at a cooling rate of 1 °C/h, and then DSC was applied to
measure the first heat melt curve.

4- DSC at profile D, where unfractionated blends in solution were
cooled at a cooling rate of 1 °C/h, filtered, and then DSC was
applied to measure the first heat melt curve.

Figure 7 shows the DSC melting peaks for the unfractionated and
fractionated HDPE-LLDPE blend.

—ufrllLDPE
& —_— —7°C
—
g 75°C
—80°C
4 8°C
[ ——90°C
2 ‘ 100°C
Ci ——unfr+-DFE
~/|
§ 0+ S \ |
b = \;‘, [
2 \‘w“ “

Figure 7 DSC melting peaks for the unfractionated polymers and
fractionated HDPELLDPE blend, normal prep-TREF traces
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The figure shows the gradual increase of the Tm (DSC melting
peak maxima) with an increase in the prep-TREF elution
temperature for the blend. The figure also shows a slight shoulder
on the left side of the melting peaks which may be due to the
crystallization of a small number of HDPE chains at lower
temperature because of the incorporation of those chains with
LLDPE chains. This behaviour can be interpreted as being due to
the co crystallization effect.

Figure 8 displays the quench TREF fractions for a HDPE-
LLDPE blend. Results show that there is an increase in the melting
temperature as the TREF fractionation temperature increases,
which confirms the results from normal TREF.

Heat Flow (W/g)
" o 3
;4

DSC Tenperature (°C)

Figure 8 DSC melting peaks for the unfractionated polymers and
fractionated HDPELLDPE blend, quench prep-TREF traces

However, it shows the separation in the melting peaks much
more clearly than normal TREF does. It also shows two
endothermic peaks, observed for the co-crystal material, and which
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seem to be associated with linear and branched polyethylene. The
linear component appears to melt at a somewhat lower temperature
than regular HDPE does, and the branched material melts at a
higher temperature than normal LLDPE.

These results are in agreement with the findings of Morgan and
Hamilec [16], namely that the rapid cooling rate is favourable for
co-crystallization

Conclusions

By varying the heating and cooling rate profiles in DSC the co-
crystallization fractions appeared as a single fraction or as two
separate fractions.

Also it shows that changing the cooling rate of CRYSTAF has a

significant effect on the crystallization temperature, as well as the
broadness of the crystallization peaks. At the faster cooling rate the
polymer appears to crystallize over a large temperature range,
leading to peak broadening; this is due to less time for each
polymer to crystallize at a different temperature. Significantly,
results obtained with the blends used in this study showed that
although the cooling rate affect the broadness of each of the peaks
in the blend, these peaks still appear as separate peaks.
In additions, it has successfully been shown that by utilizing the
difference in the crystallization fractionation mechanism between
TREF, CRYSTAF and DSC, co-crystallization effects in
polyolefin blends can be illustrated and studied.
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Abstract:

Since ancient times, access to water sources and the way of
obtaining it has always been very difficult. As time progressed,
evolved the methods of obtaining water (have become) became the
right of every human. Altough different technical methods become
available to obtain water from water sources, there are some cities
still suffer from an old and depleted infrastructure and rely on
external sources. This undeveloped infrastructure is considered to
be one of the biggest problems. To solve this, these cities should
be developed. The city of Zintan faces this crisis of water supply
despite that more than six decades have past in trying to resolve it.
Some deep researches and studies on the water system operation
problem have been carried out. In this paper, a wireless
communication network using a free tool called Radio Mobile
software is designed for Suf Aljayn Automated Control System
(SACS). The SACS consist of two main parts: transmitter/collector
tank on one side and receiver /pumps on the other side. The system
is automated by microcontroller. The designed system is reliable
and easy to implement. It works according to level control signals
on water tanks. The main feature of this design is that the flow
meter which indicates whether or not the pump operates properly
and detects whether or not there is any water leakage. The readings
are demonstrated on an LCD screen.

Keyword® Wireless Network, Smart irrigation system, Water
pumping.
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INTRODUCTION

The Water Management and controlling it is considered as a
universal problem. The city of Zintan suffers from this issue of
management and control. The origin of this problem could be
related to an outdated 62-year old system, which relies on manual
input. This motivated us to study this problem.

The shortage of water supply due to inefficient manually
operated water pumps between the two major reservoirs in Suf
Aljayn and Zintan city is considered to be a big problem that is

195 Copyright © ISTJ 4% ghae aaal) (368a
wu ?3""“ @3.\1\ M




International iyl 5 i
Science and Technology Journal Volume 20 2 tsans eenr o Teekasng Joursl

il gl Adgal Al December 2019 s I STIJ/&

deteriorating with time as the city population increases. To
develop suitable solutions for the above mentioned problem, an
automatic system to control the flow of water from the wells field
to the collecting tank in the main station of Suf Aljayn (Algaeuh
area), must be well-designed to decrease the manual functional
water resource connected to the city.

After the system determines the water levels in the tanks and
decides how many wells that should be operated, it sends an
operating command signal through especially designed wireless
link to the submersible pumps in the wells. Moreover, the system
must be able to determine which one of the pumps will operate
automatically to maintain the lifespan of the pumps.

Furthermore, the system should be able to detect the flow of
water from the water pipe which is coming from the wells and
entering into the collecting tank, through water flowing sensors the
SACS has the ability to clarify the following:

1 Presence of leakage of pipes.

1 The weakness of the submersible pump.

1 If the water level in the well decreases and the pump is

operating above the water level (sucking air).

T If the pump is operating or not.

In one of the above cases the SACS sends an ‘‘off’” signal
through a wireless link to the pump to automatically turn it off.

The designed system has also the ability to display all
(situations) cases for example pumps that are operational or not as
well as showing water levels in the collecting tank. It can give
warnings in some situations, such as the existence of some
disruptions in the pipes or the suspension of some pumps. Through
an RF signal, the system sends an on or off command to the pump
which to be operated or stopped.

A Dbrief review to the past efforts related to this research is

provided in Sec. Il. In Sec. Ill, the problem statement is presented.
Sec. IV proposes the method of solutions for the issue. In Sec. V
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the simulation results are presented. Finally, conclusions are drawn
in Sec. VI.

Il.  LITERATURE REVIEW

In order to understand the nature of this paper, it is crucial to
briefly review the related literature.

In addition to analyzing the problem, there will be two more
fundamentally related areas of focus in this work: wireless
networks (WNSs), and control system. Although this study mainly
focuses on the area of WNs, other related areas will also be given
attention.

There are many accessible technologies and a number of
different approaches in the field of WNs with regard to outdoor
applications. In this study, however, we will mostly depend on the
reference book and radio mobile information.

Omar A. Zargelin, Walid K. A. Hasan [3], have designed a
system to overcome the manual water operation to provide a water
to the citizens of the city of Rujban, their system is capable to
monitor water level and manage the system pumps water
automatically from the reservoir.

Using michroconroller, a smart wireless system was designed
and developed by Ritesh Boda [4]. This system is used for
agricultural various crops with irrigation system. In this case
Zigbee wireless control system to provide a smart irrigation system
Is used to save water and reduce the manpower for irrigation.

Another concept of water level monitoring and management
was introduced by Khaled Reza et al. [2]. Their work resulted in an
economical system designed on a low cost PIC16F84A. They also
suggested a web and cellular which are based on monitoring
protocol to globally determine and sense water level.

A more manual power to produce enough oil has been
suggested by Rojiha [5] who analyzed the current oil-pumping
system and discovered that this system has a high power-
consuming process. Intelligent control system for saving power
and efficient monitoring of oil is used. In case abnormality is
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detected in the oil well data sensing, an sms is sent to the
maintenance manager via GSM. The intelligent control system
allows oil wells to be monitored from remote places.

The problem of water shortages in the tank in multi-storey
buildings is solved by Sudip Dogra [6] who designed a system that
automatically pumps water from the reservoir to the tank whenever
the level of water decrease.

1. PROBLEM FORMULATION
This section is divided into two subsections: water infrastructure
and water system operation.

A. Water Infrastructure

In 1958, the Ministry of Agriculture and Agrarian Reclamation
of the Kingdom of Libya drilled water wells in the city of Zintan
[Al-Behairiya area - Wadi Al-Sheikh near Al-Zintan Central
School (Mecrissa)] and in the city of Rujban [Karthoum Field], the
result of the drilling was useless in Zintan and it was successful in
Rujban. Based on these results, Karthoum water station was
established near wells between 1958 and 1964 to supply water to
cities of Rujban and Zintan. The water pipelines extend from the
station to the Qaitit area southwest of the city of Zintan. These
pipeline branches into two lines; the first line heading to the
reservoir of the city of Rujban, and the second line to Al Ruwais
reservoir in Zintan (the current state of the Al Ruwais reservoir is
out of service). Then pipelines extend to supply residential
communities. The supply process continued to be divided between
the cities of Rujban and Zintan from the Karthoom wells fields
until nowadays.

In 1976, the production exploratory well was drilled in the
Algaeuh area south of Al Zintan city. The water resource was
explored. These results leaded to drilling of 6 deep wells for
reliable supplying to the city, these wells known as Suf Aljayn
(Algaeuh area) field of wells. Based on these results, the Suf
Aljayn water station is located on the Valley of Suf Aljayn 30 km
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south of Zintan City. It was established in 1978 — 1979 with
capacity of 6000 m®.

In 2013-2014, 3 extra wells were drilled in the Suf Aljayn field
by the National Oil Corporation that makes a total of 13 well in the
field [9].

B. Operation System

From detailed study to operation system to water supply the
following disadvantages and problems are extracted:

9 Manual operation of submersible pumps for wells and its
remoteness from the main station is not reliable.

1 Lack of high-level water monitoring in the collection tank.

1 Lack of means of transportation and difficulty in moving from
the station to wells.

9 Power variation leads to stop of water pumping.

9 Lack of knowledge of water interruption.

1 Costly operation and maintenance.

Therefore, to solve this problem different possible economic

solutions are suggested. Then the problem can be divide into

several parts a,b,c:

a) Pumping the water from the producing wells (resource)
into the collection tank in the Suf Aljayn (Algaeuh area)
which is the topic of this paper.

b) Pumping water from the collection tank in the Suf
Aljayn to the distribution tanks located in the city will be
dealt with in another paper.

¢) Pumping water from the Al- Zintan distribution tanks to
the distribution network of the city which can be another
research topic [9].

IV.DESIGN PROCESS

To improve the water flow from the wells field to collecting
tank in main station, an automatic system is designed. In general,
the control system is consisting from:
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Figure 1. Block Diagram of the SACS

A. Design of the Wireless Network Process

To design the system for pumping water from the ten wells
field, which is located in the Suf Aljayn to the collecting tank in
the main station of the same area, a wireless communication
network that will transmit the operation must be designed based on
the system'’s decision to examine the water level in the received
water collecting tank or to examine the water flow sensation.

Therefore, Wireless Network system as first step has to collect

and transmit the information from transmitter. The information
must include:

a. The topography of the area where the water wells (point
one) and station (point two) are located, to reduce the
disturbance effects.

b. Determine the terrain separation between two points.

c. The height of transmitter and receiver antenna must be
determined accurately.
alignment leads to poor Received Signal strength Level
(RSSL).

Incorrect

antenna height or
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The relation between transmit (Prx) and receive power (Prx) is
given by Friis free space equation [1]:

= ()2 1)
This equation can be rewritten on a logarithmic scale as:
20 ofg-)
Where is the gain of the transmitting antenna, IS gain

of the receiving antenna, A is the wave length and d the distance
between transmitting and receiving antennas.

According to this equation the RF link to be feasible, the
output signal level collected from transmitter antennas must be
greater than the minimum level of receiving radio signal (RSL).

To analyze interference by obstacles near the path of a radio
beam, Fresnel zone concept can be used. To avoid interfering
according to this concept, the first zone must be kept largely free
from obstructions, or no more than 20%.

In general the Fresnel zone radius can be calculated by [1]:

NAdy d, 3)
di. dp

During bad operating condition such as bad weather, a variation
in path loss over a period of time must be minimized to ensure a
stable, high quality radio link. To ensure acceptable performance a
margin of 10 to 15 dB above of sensitivity or radio cab ne assumed.
To improve the performance in long distance link, four aspects
must be done:

= v
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a. Increase the antenna gain.

b. Decrease the antenna cable loss.

c. Increase the radio dynamic range.

d. Provision signal propagation time.[8]

Figure 2 shows the power level at each point in a wireless link.

a \\antenna /
:\1?tc—w /V \ant /

/ \
I | hics | [1 abe o "
radio — radio
EIRP
'

\ ~— Pox powar

Margin

dBm

distance

Figure 2. Power budget

As can be seen the maximum power called Equivalent Isotropic
Radiated Power (EIRP) is due to power transmitted from the radio
Prx , amplified by antenna gain Grx taken into account the cable
losses Lrx . This relation can be represented as:

El RRrxt Grx— Lrx 4)

Finally, to increase the accuracy of the system different control
system can be implemented which is the aim of next paper.

V. SIMULATION RESULTS
For the following simulation, the free space loss is calculated taken
into account many other relevant factors such as tree absorption,
terrain effects, climate, and even estimating path loss in urban
areas. In this paper, a free tool called Radio Mobile software is
used.

The simulation results are presented in the following figures.
Clearly illustrates the topography between the transmitter antenna
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and the receiving antenna for specified wells; the figures contain
tables show essential hardware parts needed for implementation.
Each table is divided into five subsections in which the top two
present data for latitude, longitude, ground elevation, antenna
height, azimuth and tilt for the two end points
(Transmitter/collector tank and receiver/well).

Figure 3 shows the point to multipoint connection between the
sites. Table 1 provides each link connection; Tx power and the
height of each antenna. The height was choosing depending on the
ground geometric and the ground elevation. The tower height is
kept as low as possible and in mean time maintains effective
communication so that the radio beam can surmount obstacles in
the path. The three basic increment factors that must be added to
obstacle heights are: vegetation height and its growth, Earth Curve,
and Fresnel zone clearance. Because the longest distance of the
wells is almost 3 km thus no need to consider Earth Curve obstacle.

Figure 3. Network connection
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Table 1. Antenna link, Height and Transmitting Power

Site Connected to link Aqtenna Tx power
height
Collection tank | - - 15m 22dBm
T/1/677/0/96 Collection tank Link 1 13m 22dBm
T/1/656/0/96 Collection tank Link 2 15m 22dBm
T/1/257/0/96 Collection tank Link 3 13m 22dBm
T/1/678/0/96 Collection tank Link 4 13m 22dBm
T/1/657/0/96 Collection tank Link 5 13m 22dBm
T/1/235/0/96 Collection tank Link 6 14m 22dBm
wwl Collection tank Link 7 14m 22dBm
T/1/676/0/96 Collection tank Link 8 13m 22dBm
ww2 Collection tank Link 9 13m 22dBm
T/1/364/0/96 Collection tank Link 10 | 14m 22dBm

The height of the base station in the collection tank is 15m, and
the height of antennas in wells sites is 13m. It can be seen that the
height of antenna station located is depending on the ground
elevation and terrain between sites.

Forest and Urban losses in all links are equal to zero due to the
fact that the environment is located in a semi-Sahara area.

Figure 4 shows the results when collection tank is directly
connected to site 1 of well No.T/1/677/0/96. The achieved result is
a successful.

J?l.tmlll H.I
P s Pt L
e o
o 2
Figure 4. Link 1
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The effects of low ground elevation on RSL is clean seen in
Figure 5 when collection tank is directly connected to well
No.T/1/656/0/96

Figure 5. Link 2

Figures (6-8) depict the results obtained for different
collection tank connection with sites (3, 4, and 5). It is clear that
the obtained results are acceptable.

Figure 6. Link 3
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Figure 8. Link 5
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Figures (9-13) present the effects of antenna height on RSL.
As can be seen that when antenna height is increased, the RSL is
improved. as seen in figures (9b, 10b, 12b).

o ST BN fams VTN 000 |

Figure 9b. Link 6
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Figure 10b. Link7
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Figure 12. Link 9
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Figure 13b. Link 10

VI. CONCLUSION AND FUTURE WORK

The study has indicated that using RF technique can be applied
successfully to manage a water crisis. In this study an automated
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system capable of efficient water pumping through tank level and
water flow sensing was designed, to lead a flexible economical and
easy configurable system. A microcontroller to automate the
process of water pumping is used. The designed system has the
ability to detect the level of water in a tank, switch on/off, specific
number of pumps regarding to tank level sensing, and display the
states on an LCD screen.

Finally, the extension of the used method to multi-purpose
system is feasible by including the security and control ports.
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