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Abstract
The study of technical and applied courses at the Higher Institutes
of Sciences and Technology requires mathematical skills and a
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prior mathematical readiness, and as a result of a complaint by a
large number of faculty members in these institutes that students of
higher institutes of science and technology do not have sufficient
mathematical readiness to study their scientific specialties, which
called on researchers to do this simple study to find out the extent
of the allegations, as the researchers conducted an examination for
a random sample of new students from the various departments of
the Higher Institute for Sciences and Technology at Zawia, which
measures the extent of these student's mastery of a number of
mathematical skills, and then analyzed the results statistically, as
the results showed that the degree of student's mastery of
mathematical skills is weak and thus their mathematical readiness
not sufficient for subsequent learning in the various departments,
and based on these results, the researchers recommended adding an
introductory mathematical course in which the concepts,
relationships, methods and skills that the student needs to study the
subsequent courses are presented and this course is a review of
what has been studied in previous educational stages(primary-
secondary) .
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Abstract:

Obtaining good quality food and beverages has been and remains
the main goal of man since he is on the surface of the earth. Safety
of food and drink is a prerequisite for its quality. What is meant by
its safety is that it is free, or it contains guaranteed and permitted
concentrations of any natural substance or other substance that
may make it harmful, especially canned food, and what is added to
it during canning in order to prevent its corruption and its exposure
to damage, and additives are any material that is consumed as food
and used as a food ingredient whether it has a nutritional value or
not In order to achieve many manufacturing purposes when they
are prepared, canned, transported or stored, and these additives
become an integral part of the cans. This study relied on measuring
preservative concentrations in some of the local and imported juice
samples in Libya. 7 samples were collected from shops in Al-
Khoms, 3 local samples and 4 imported. Sodium benzoate
concentrations were measured in these samples at a rate of two
replications for each sample where Sodium benzoate was extracted
in the form of benzoic acid and the acid concentration was
measured by direct titration with a basic solution for the local and
imported juice samples where the lowest value and the highest
value for the preservative concentration of samples No. (2.4)
reached (1830- 274.50ppm) respectively, in general it is
considered Results of preservative concentration within pain limits
Only samples (4 & 6) were allowed to exceed the standard
specifications, as they gave values for preservative concentration
more than (1000ppm).

Key-words: Juice - Preservative - Sodium Benzoate - Food - Al
KhomsO0
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A study of the effect of different concentrations of nickel
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Abstract

This study was conducted to investigate the effect of nickel
sulphate on the germination and growth of Triticum aestivum L.
and Hordeum vulgairs L. plants at concentrations of (50, 100, and
150 micromoles). Results indicated that there is a difference in the
degree of resistance of both Hordeum vulgairs L. and Triticum
aestivum L. to the applied concentrations.
The increased concentration of nickel sulphate in the irrigation
water led to a decrease in the germination ratio on both plants,
which showed almost same response to the concentration of
50umol of used heavy metal and both seeds germinated at the same
rate.

However, at higher concentrations, the germination percentage of
both plants differed according to their response to nickel sulphate.
For example, at 150 micromoles, the germination percentage of
Triticum aestivum L. was only 13% compared to 37% showed by
Hordeum vulgairs L., indicating that the plants differ in their
resistance to the heavy metals toxicity

Moreover, it was found that there is an inverse relationship
between the concentration of nickel sulphate and the length of both
plants, especially at a concentration of 150 micromoles.

In addition, the increase in the concentration of nickel sulphate in
irrigation water resulted in a decrease in the wet and dry weight of
both the stems and roots of both plants, especially at higher
concentrations (150 pmol). Generally, it can be concluded that the
high concentrations of nickel sulphate have obvious effects on the
germination and growth of both Triticum aestivum L. and
Hordeum vulgairs L. seeds. These effects are more obvious on the
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germination and growth of the Triticum aestivum L. seeds. This
can reflect the genetic characteristics of each plant.

-
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Abstract
This paper outlines an experimental study that measures the effects
of superplasticizer admixture (LIBOMENT-FF¢ LIBOAER) on
some proprieties of concrete (compressive strength, average
weight of concrete and workability), The dosages of super

plasticizer (LIBO AER) were adopted as 0.15% by weight of
cement first, then add the two superplasticizers together (LIBO A
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by 0.15% and LIBOMENT-FF at 2%) by weight of cement and
compare them with the mixture without adding plasticizers at age
(28,7,3 days).

When adding (LIBO AER) got Air Entraining concrete, which
leads to decrease in weight and compressive strength, and when
adding (LIBOMENT-FF) a proportional compensation occurs in
compressive strength.

Keywords: superplasticizer - LIBOMENT-FFLIBOAER
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Abstract

Hydrogen sulfide (H2S) is a vital component of oil and gas
upstream production, where Hydrogen sulfide is naturally
generated in situ from reservoir and from sulfate-containing
minerals through microbial sulfate reduction and (or)
thermochemical sulfate reduction. On the other hand, the
technologies employed in oil and gas production, especially from
unconventional resources, also can contribute to generation or
delay of appearance of Hydrogen sulfide. Human health effects of
exposure to hydrogen sulfide, an irritant depend of the
concentration of the gas and the length of exposure. Hydrogen
sulfide acts similarly to hydrogen cyanide, interfering with
cytochrome oxidase and with aerobic metabolism. Essentially,
hydrogen sulfide blocks cellular respiration, resulting in cellular
anoxia, a state in which the cells do not receive oxygen and die.
The human body detoxifies hydrogen sulfide by oxidizing it into
sulfate or thiosulfate by hemoglobin-bound oxygen in the blood or
by liver enzymes. Lethal toxicity occurs when H2S is present
in concentrations high enough to overwhelm the body’s
detoxification capacity. Hydrogen Sulfide gas is very corrosive
and causes metals to become brittle. Therefore, employers need to
take special precautions when choosing equipment when they may
reasonably expect to encounter H2S. This may include appropriate
H2S trimming of equipment. The recommendations and employee
instruction will vary depending on the type of area. The effect of
Hydrogen sulfide on the employers’ health and the environment of
oil and gas industrial locations will be studied in this research
taken Meliatha oil and gas location as a model example for this

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



International gt A
Science and Technology Journal Volume 24 2l P ———

A aslall Aglsal) Asnal) January 2021 s\ I S T .J A

study. The results showed that following safety instruction can
eliminate or reduce all types of accidents including H2S accidents.

daxia -1

S Hle Hhal dbaSy il clelually bdll delia (4 Golalall (el
U (b et LSy aglee Aol Bl Bypal gl ALk Ll g yuel
(Jaall dga g ) pasiudl e dalaing bl Ay Sy ¢ gliae aa ) adlsal
8 A5)S daeleny )8 Clgan g el 2y Sle ) Qe Hhalas Ly
o s Lyl Ayl wimihy W Gagpuell 35S e iy s
Sl el ey of Saddl e Amiiyal) lsiall s Aumidia) sl
llaay o GSaall (o Ayl Sl gisal) 530 g i Of qobiind ¥ 38 lif A5
pxiine JS o Lany Gl ¢ ol 8 Gy 38 Lane Gumg el 2 le
Uafyally ¢ 5S5al Ghlall Ly Gl gl dlasall Gapll @bl
Sl gl Jgia Xy Gl Ll Sy aeats dallaay g luly Gilasiuly
Dhlies Ginguel) S Gle paibad @by o Gay aallas dalray giliass
s ¢ [6] (pesstivnally Jaad) Al Glacal dne Y1 Joall iy 4l il
Canst (e Aliglly 4aiK] dauviglly dplaY) Clelay) Gaal Galay @l
capll vie ZNally AN Jlus sldels cdie syladll Glgiuall Grerdi)
) 55 aandl Sleall LAl a5 o S Alls 4k Alle Ciliginal (alial
Gealid) Gl

wldll Gan) Andly 40l Ay Aga)S Aad]) 53 Jle Cpagued) afyS Gl i
Glblall ¢ Wia Sy (S My Al & dmda Bygan dags o A1 Gl
Ll SUHAYS Claiiieddld yaSll Jedy iy 8 €l e gias A
Glialall G LU alall sluall Caypent Shls dygoandl cililaally culilis
Osouedl aiS Sl dadly leie Gt 8 4k cldladly cllal) Jas )

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



International gt A
Science and Technology Journal Volume 24 2l P ———

A aslall Aglsal) Asnal) January 2021 s\ I S T .J A

Jsin o LY 3 Lagad Zasal) sl 3 W 13 aag of Sad) e
Aokl Bl Sl aalsy GG LAl sl Jlas ) LYY S daal)
8 Cpagued ainS Sle e %28 e aphll S gsiagg Lkl
G S bl Ll 2l Lo aag A Ul elgd) Sl 8y
DA e W Gy o (Saall (e Gl Jaiil) <5 dlasy Jelas (3hlic
Lol dile 4S50 a0 Auhall o3a. [8] cap€ll cil€ye e S5 Al clelual)
s e dailil) CallSil) Gy dgaad) aalially clilal) sae duyal JES iy
Ngindlea il s Lgigand el 3l Gl Calgal

= daanl) e dagd)

o3l 55 5yshad ) aal ol e Copmill sa Candl 13 (e asla) Caaglly
haliall o3gy cplalalls dacliall shlid) &4y e

ragungd) A Gl jilas -2

Lagh

=t [4] a5 Cpaspned) 288 e % 80 s dmplall jaliadl) Al

€l e dginal dygcanl) dgall Jla e W Lay L1

Aohdl) Gl (e sl gy Sl L2

e dly el (i plly bl jeds L3

Y aalidly GShl (s Al bl L4

Sl Gleaaill dnaall s golaall A LpsSill dady =iy W5
6
7
8
9

B)ladl A Sl Glsall slua)

A/ la 105%8.5 dald) chlitisd) 5 sl
el Copall olie dalles

Al o) Asllaag ity J .

70 Copyright © ISTJ 4% ghae aaal) (368a
48 g  glall 4 gal) dlaalt



International gt A
Science and Technology Journal Volume 24 2l P ———

A aslall Aglsal) Asnal) January 2021 s\ I S T .J A

— roledy) Bla o Al alaal)
Al Jaleal)
L A g il
sl aadtid Al Gleluall

LS o Ll )

O oAl olall Jaill Galias Cuy Cua Adadil] dliaally ¢ 3l5alls Jsial)
e 3 Jiall s Bl dakaadl) LY
cerahll Sl e sadadl cileliall .6
4] (%42) rwhal) SR Uy Jis L7

bl el il bl .8

S clialge -3
A5)lly Glally Cal¥ls 48 58Sl (¢ aall Anaadl Ly clan ale (JlaiidI Q6 e
iy omamnd) Sleadl ady o) oSy @A 31 aidlS Jenh anenl uciag Lodic
il ol

S Sle dhady Chalall all (8 ol die 4y (S Y 13glE Gl e
Lugr o ears elsell e JBT Ll olat) d30le Gdipe e Al Gung el
slad) haliad) o) (e aeyll Lially Cijladly GaUAl Jie dmisidl Bhldl e
Q8 Alinl) Bhlial) (A has BB LS aalgy oSy Sl e AlA ()5S5 8
el Sl ol e lsedl aaty 5 Apalall ysad) Jag ) caad Hladi )y JlanidU
) sl ansrs (%46 — %4.3) lax S (520 e Jaidy Cosu
JaiidU Q) sl e ST g Ao L sall 13ag [3] 5l i Qe
Odlg)lall

g oad) OmnaS ) e IS8 o ey Bl B8 Gangpuel) A Sle
- (S02) iyl sl 6 Sle adlial e iy gl

s D fo

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



International gt A
Science and Technology Journal Volume 24 2l P ———

{4l pshll dp) Alsa) January 2021 x4 I S TIJ /&

slally (il aglall Sl Sha) ay of Al Jgiad) 8 Cagllall (e adl Cam
gt Dl duadl) milsiy Sl apeat Gillasa (& Ganspied) S e
ad Lpand) 3as €l 2kl 6 Sle daaall 23) ) Sl o ¢Sy cdaill
HPACEON| It P)

H2S+3/2 02—H20+S02
W) Taae Gl uiil) Sleall o iy 4l cappll aansl 6 5le el e
i 4k Alad) GBS silly Guitil) (Baa s Alsel) Claalll lglls paall
Ol daghall (apaill SIS 3Ly falie mali ) o5 85 dgseall Jlall
e Lol Gy (ol) bl ) (358 O Sy iy 33 Al e i
9] aladl Gl ¢ uall
1dilanslly A58l (aleddl -4
celall e aaly aan L 2uldl) Gl Al Glll ane Gle s aag el A S
dapd o lse stae 0.1 s sy comned) 4S e alaal 3 43
Ao 61- & pldall dladiy Aygie Aapy 83— & Gl 2SS el
deadl ) zlad Al gyl cuanll Sleadl o Gangoued) 2SS Sin A5
oAl plae Cant dxa
Dl 8 sed «clly aay colall oggial dgabiia Ay 4l (Spe Cpng)aed) i
@ GlaY) sy o (Ka Al Blha @lays il Al 4 A5l
ApS Ol Aflheslly Aibsdl) (aldll zoa (1) Jsasdl L uilite aala)
3] o)
Om03d) 3 S A Libaasslly Alisdl) alsdd) 1(1) ad) Jgaad)

Description Colorless gas Lagll
Molecular formula H,S Gl
Molecular weight 34.08 sl sl

72 Copyright © ISTJ 4% ghae aaal) (368a

W\JNMMJ.\SIM



International gt A
Science and Technology Journal Volume 24 2l P ———

{4l pshll dp) Alsa) January 2021 A I S TIJ /&

Density 1.4 g/L @ 25 °C (air = 1) &<y
Boiling point -60.7 °C Oblall A
Melting point -85.5°C Dleat¥ i

Vapor pressure 15,600 torr @ 25 °C ol laks

Soluble in water, hydrocarbon
Solubility ol LG
solvents, ether, and ethanol

Odor threshold 8.1 ppb (11 mg/m?) Al dgic
Odor description Resembles rotten eggs Al Caay
Conversion factor 1 ppm = 1.4 mg/m* @ 25 °C Jusaill Jalas

ATy jyaatl) -5
aale Clicalse Llad Gy Ganged) AisS e piuay
CAS registry number: 7783-06—4

DOT Number: UN 1053
lgie "ldany 2 ) 53 ale Lgudany g ails Lguiany Adliaa elanly (i yay s
hydrogen supplied ; dihydrogen sulfide; dihydrogen )
monosulfide; sulfur hydride; sulfureted hydrogen; hydro sulfuric
acid) [19].
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Abstract
This study target focusses on traffic evaluation for one of the road
intersections in BaniWalid city. Since, the road traffic congestion
recently occurred which caused traffic obstruction and scarcely
move. Consequently, in this study, the field study is curried out for

a particular area. The scanning process is utilized for data
collection in order to investigate road condition, lane width, area
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topography, around buildings and traffic directions. In addition,
the account mode and measurement used to demonstrate the
vehicles number and their functional types, directions movement
throughout the intersection, traffic time, as well as to know and
measure the traffic flow, service level, intersection capacity,
determination of collisional points and intersection type.

Therefore, the deduction of the study and reporting assessment
results about the location illustrated that can be a reliable source of
information and utilized for any development operations or
location change. Moreover, the data analysis and information
about the studied area were conducted; it revealed that the
intersection is recommended to be substantially changed to the
roundabout or at least to add a roundabout in the center of the
intersection to avoid traffic collision events.
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Abstract:

Wind energy is an indirect type of solar energy, from between 1-
2% of the solar radiation that reaches the earth is converted into
wind energy, and as a result of the differences in atmospheric
pressure, the wind moves rapidly from areas of high pressure to
areas of low pressure, so it is clear that wind energy is one of the
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most important types of renewable energy sources by using
vertical axis wind turbine and horizontal axis wind turbine. In this
study, the rotor vertical axis wind turbine was designed based on
the available data obtained from the Meteorological Center of
Nalut Libya. In addition, the performance of the rotor vertical axis
wind turbine was predicted using the momentum and blade
element theory, and the final results show that the annual energy
amounts and the power factor of the selected site positively affect
the performance of the designed rotor turbine.

Key words: Wind power; rotor vertical axis wind turbine; turbine
performance.
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Abstract:

This article aims to study the thermodynamics analysis of the
performance design of pneumatic induction air-cooler with
opposite and unopposed flow using the material and energy
balance of the cooling tower system according to the flow rate of
water/air entering and exiting the tower and assessing operational
conditions and environmental factors affecting the performance of
the cooling tower work and the importance of treatment Cooling
water. So that, The mechanics of the work of the air-cooling
towers are unique in that they use the principle of evaporative
cooling in addition to heat transfers and mass transfers. This type
of cooling is called humidification. Therefore, The air-cooler
equipment is used in industrial processes as heat fluids with a high
thermal capacity which is mostly (water/air). The Equipment as
fans use air but, Heat exchangers use the fluid, which is separated
from the product by barriers in single track systems. Hot water
cannot be reused but, Put it out naturally in seas and rivers, and
this process is costly and not economical. However, This study
showed through the results of the thermodynamics analysis of the
performance of the design of cooling towers, that the higher
(water/air) temperature entering in tower, the lower performance
rate of the cooling tower and this is due to the type of cooling
tower fillings and the ratio of the ph of the water entering the
tower and the rate of thermal evaporation of the air-cooling tower.
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Abstract

This study aimed to study the reality of using expert systems in
research centers, and the field study was carried out on the Nuclear
Research Center in Tajura, by providing a theoretical background
that includes the emergence of expert systems, and the basic
concepts of expert systems, and their characteristics. As well as
learning about the applications of expert systems, and the reasons
and justifications for using expert systems in the field of scientific
research. and presenting a number of recommendations that would
help in the use of expert systems in research centers in Libya.

In order to achieve the objectives of the study, a questionnaire was
designed, aiming at a field study of the variables of the study
problem, in order to test hypotheses by using the descriptive
method in the analytical method, and the study reached a set of
results, the most important of which are: The reasons that prevent
the use of expert systems in the institutions of the study
community, refer to Lack of technological skills for workers and
researchers, the low quality of the information provided, and the
difficulty in obtaining information in the same field. The study
also revealed the low balance of the Nuclear Research Center,
which is the subject of the study, from sources of information of
various types and forms, as the balance of books reaches 10900
titles, of which 37 periodicals were reached and a set of
recommendations were reached, the most important of which are:
Motivating researchers to conduct research and studies on the
design of expert systems in various fields, and directing to building
databases in research fields, which are considered the nucleus for
establishing expert systems. The study also recommended that the
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study institutions prepare and train the specialized technical and
administrative cadres.
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Abstract:

E-learning is one of the most important tools for education today,
this type of learning has started after the remarkable and
continuous development in information technology. E-learning
provides good opportunities for many people to access information
anytime, anywhere, even in difficult environments. Although e-
learning may seem available to anyone, but the reality is the
opposite, It is noted where many people do not have access to the
Internet also many countries suffer from poor communication
infrastructure and bad Internet connection. For this reason, In this
paper, we focused on shedding light on this type of e-learning
because of its great advantages, the most important of which is
access to information and data and the possibility of learning
without the need for internet service, and thus overcoming the
aforementioned challenges, difficulties and problems. . Where we
dealt with some aspects of the types of e-learning, programs and
learning platforms used and currently available, in addition to how
to connect the different devices with each other without the need
for internet service. Finally, we conducted a survey (questionnaire)
with clarifying charts to collect multiple information, including
problems and difficulties, current e-learning as well as taking
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opinions of those interested in e-learning that is not dependent on
the Internet service. Where, these results were analysed to see the
extent of the possibility of using this type of education in our
learning institutions.

Keywords: (E-learning, online E-learning, offline E-learning,
educational platforms, E learning without internet)

1- Introduction

Since the beginning of the year, the world is going through a rare
pandemic, Covid-19 Coronavirus pandemic that put the world into
economic andsocial crises. Without a doubt, the new pandemic as
negatively affected all aspects of life. The education is one of
purviews that have been affected by this pandemic. Where, most
of the universities, schools and educational centers have been
closed. Thus a lot of educational institutes and organizations have
to find a suitable solution for this problem. One of these solutions
is E-learning which provides good opportunities for many learners
to access information at anytime, anywhere, even in difficult
environments. As e-learning contains two types that are offline and
online E-learning. We will discuss the first type (offline E-
learning) and its features well as the most important educational
platforms that are used to interact between learners and
information stored in central servers.

2- Problem statement

Even though the E-learning term has existed for over a decade,
scientific research has not given enough attention to studying
methods that helps to motivate e-learning. In this paper we focused
on many problems related to online E-learning, for example. The
availability of E-learning since a lot of people does not have access
to the Internet. Many countries suffer from poor communication
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infrastructure and bad internet connections. Furthermore there is
no sufficient knowledge of the various platforms concerned with e-
learning as well as no motivation from software developers to
design platforms related to E-learning.

3- Paper objectives

Main paper objectives have been divided into three part, the first
one is concentration on types of E-learning as well as the
similarities and differences each type also make some comparisons
between the different types. Second one the hardware solutions,
trying to provide some solutions that may contribute to solving the
problem of unavailability of internet service or weak
communication infrastructure. Last part about software, and
highlighting the importance of educational platforms the e-learning
process as well as taking hint the most important educational
platforms used.

4- Electronic learning

E-learning refers to the use of information and communication
technologies to access online learning and teaching resources [1].
E-learning is one of the most important tools for education today,
This type of learning has started after the remarkable and
continuous development in information technology. We can have a
access to the libraries situated in different countries[2]. E-learning
provides good opportunities for many people to access information
anytime, anywhere, even in difficult environments. E -learning
approaches are becoming more popular in the world.[3] .E-
learning comes at a time of great transformation in how individuals
and organizations learn and how they transfer learning into
performance in the classroom [4].
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5- Types of E-learning
5.1- Online E-learning (Synchronous E-learning)
Online E-learning is the most E- learning prevalent and popular
type. This type depends on direct and rapid interaction between
learner and teacher. Synchronous learning is one type of electronic
learning that depends on real-time learning, where a group of
people are engaging in learning process simultaneously. Even
though online learning occurs at the same time, learners don’t have
to be in the same place, or even in the same location. Synchronous
E- learning enables learners to ask questions and receive answers
in real time, so both teacher and learner have to access internet at
the same time. Some examples of online E-learning are Interactive
lectures, Video conferencing and Google classroom [1].
5.2- offline E-learning (Asynchronous E-learning)
On the other hand, asynchronous E-learning students are able to
obtain information and knowledge without needing to access
internet. The learners and teachers can share information and ask
questions but in different times. Where, all these activities are not
simultaneous. We define the off-line learning as one in which the
learner knows the sequence of elements in advance [5]. In an
asynchronous learning environment students are able to actively
get information, share knowledge and interact with their
colleagues with no need to access the internet. Where storing data
on a local server. We can connect to it at any time without the need
for an Internet service. Examples about data stored in server off-
line: video courses on YouTube, Email messaging, TV lectures
and offline assignments, Offline learning also supports working as
team between learners and teachers, even when participants cannot
be online at the same time. [6].

179 Copyright © ISTJ 4B ghaa okl (G48a
;\mb ?3""“ @3.\1\ M



International gt A
Science and Technology Journal Volume 24 2l P ———

il agil Al L January 2021 x4 I S TIJ /&

6- Comparison between Synchronous E-learning and
Asynchronous E- Learning

Without a doubt, the comparison between synchronous E- learning
and asynchronous E- Learning is very important to determine the
appropriate type that is suitable to our environment and existing
capabilities. we have to know more about all challenges and
difficulties, as well as numerous studies related to E-learning in
generally then we will try to find the appropriate solutions [7]. For
example: offline interaction issues. The most important problems
of e-learning are due to teacher’s inability to answer student’s
questions immediately. On the other hand during online- learning,
students can make real time interaction, as shown in table 1.

Table 1: Comparison between online and offline e learning

Online e learning Offline e learning
Student learns at the same | Student learns at
time different times
Interactive happens in Interactive is not real
real time time
Possibly more engaging Possibly more convenient
and effective and flexible
Allows feedback Not Allows feedback
immediately immediately

7- Hardware solutions

The hardware solution is connecting different devices that used in
E learning such as (desktop, laptop, tablet, iPad, mobile telephone
...etc.), with the central server of the university or Institute via
telephone networks without needing to access an internet service.
In other words, we just need to connect the university's local server
with data center of communication companies to ensure that there
Is a connection between clients and local server [10].
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8- Educational platforms for E-learning
An educational platform is a set of interactive online services that
provides many features for teachers, learners and others. These
services help us in sharing data and information as well as
exchanging experiences. Using this platform improved professor-
student communication and increased students satisfaction for
courses[8]. The most two educational platforms used nowadays
are: Moodle and Google Classroom.
8.1-Moodle
Moodle stands for Modular Object-Oriented Dynamic Learning
Environment is the most used educational platform in university
courses came after a series of international internships. Moodle is
a learning platform originally designed by Martin Dougiamasit
was released on 20 August 2002[8]. It is an educational platform
that provides many features and services for both leaners and
teachers. Teachers can use Moodle to manage courses, interact
between students and teachers as well as making lessons. Learners
can use Moodle to view lectures and videos related to courses,
submit reports, assignments and take exams. Moodle is used by
many educational organizations over the world to provide a
controlled and centralized management for e-learning.
8-2- Google Classroom

Google Classroom is educational platform from Google
Company with G -Suite for Education. It was released publicly on
August 12, 2014 [10]. Google Classroom has been introduced as
an educational platform of the Google Suite for educational
purposes[9]. It enables Teachers to make an online classroom then
invite learners to the class, as well as they can create assignments,
reports, and quizzes. Within the Google Classroom teachers can
evaluate all activities online [11].
9- Results and Discussions
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In order to support our paper we did questionnaires for a group of
teacher and professors interested in e-learning. We asked questions
regarding E-learning especially offline learning including
advantages and disadvantages as well as education a platforms
used in E learning. After collecting and analyzing data from
questionnaires, the results of the most important questions were
presented in charts. The results for each question will be viewed as
percentage. The questions were as following:

What is your information about electronic Learning (E-
learning)?

The result was 44.8% of teachers had an intermediate knowledge
of E learning, Whereas 37.9% of teachers their knowledge of e-
learning were good enough, and 10.3% of teachers and professors
had got a very high knowledge of e-learning as shown in figure(2).

@ High

@ Very high
Sort of

@ Low

@ Very low

>

Fig. 1: Information about E learning

Do you think that e-learning will be useful for different
educational institutions?

Most of the participants agreed on the importance of using e-
learning within educational institutions. (58.6%) of them “strongly
agree,” while (37.9%)”somewhat agree” and ( 3.5%) “didn’t have
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any answer” and (0%)”Somewhat disagree”. As shown in figure

(2).

@ Stongly agree
@ Someahat agree

@ Nedther agree nor dsagree

Fig. 2: E-learning useful for institutions.

Does your institute use e-learning as an addition or support to
regular classes? The answers were, (55.2%)” yes” Whereas
(44.8%)” no”. Figure 2 illustrate the results.

® Yes
@ No

Fig. 3: Support to regular classes

What are the most important problems and difficulties facing
e-learning?

When | asked about the most important problems related to E-
learning, (76.7%) of the problems were about accessing internet
services, while (30%) of the problems were related to time
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management, and (30%), (20%) of the problems were about
interaction among the students and teachers. Last but not least
(12%) of the problems were related to technical issues. Note that,
the participants could choose more than one answer. As shown in
figure 4.
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Fig. 4: The most important problems
If we apply e-learning without needed access to internet
service, do you think it would be a good idea?
The largest percentage of answers to this question was (46.7%)
“strongly agree”,(33.3%) “somewhat agree”, (13.3%) ‘“neither
agree nor disagree” (not having answers) ,(6.7%) ‘“‘somewhat
agree”. In general, there is agreement from the participants to
motivate the idea of offline learning. As shown in figure 5.
If we can access to educational platforms such as (Moddle,
Google classroom) without needed access to internet service, to
overcome the problems of Poor, unreliable or very limited
data, it would be a good idea?
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@ Strongly agree
@ Somewhat agree
Neither agree nor disagree

@ Somewhat disagree
@ Strongly disagree

46.7%

Fig. 5: E learning without internet services

Most of the participants liked the idea of using educational
platforms without internet service. (60 %) “strongly agree,”.(23%)
“somewhat agree”,(13.3%) “don't have any answer”. (5.7%)
“strongly disagree”. As shown in figure(6)

@ Strongly agree

@ Somewhat agree

@ Neither agree nor disagree
@ Somewhat disagree

@ Strongly disagree

Fig. 6: Access to educational platforms without internet

Conclusion

This paper discussed many important subjects related to offline E
learning. We introduced many questions to the participants, the
most important research questions were : Does your institute use
e-learning as an addition or support to regular classes?, What are
the most important problems and difficulties facing e-learning?, If
we apply e-learning without needed access to internet service, do
you think it would be a good idea?
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After collecting information and analyzing data, we have
unequivocally confirmed the importance of focusing on e-learning
that does not require internet service. As this type of e-learning
contributes to the increase and spread of e-learning significantly.
Offline learning helps us to save a lot of time and effort to
complete different educational activities; moreover, we highlighted
the importance of educational platforms in the e-learning and
encouraged developers to design offline platforms.
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Abstract

The utilization of WIMAX technology has led to an increasing
number of base stations being built in populated regions. Repeated
exposure to WiMAX electromagnetic radiation has raised public
worry of probable health impacts to individuals in the vicinity of
WIMAX Base Stations. The estimation of the power density of the
radiation is achievable by knowing the antenna’s technical data
and the location of the exposed person. In this a paper, Theoretical
assessment of power density is performed on areas near WiMAX
base stations and compared to the recommendations provided by
the International Commission on Non-lonizing Radiation
Protection (ICPNIR).[1]
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Introduction

The amount of power density radiated from WiMAX base-station
antennas and its impact on the individuals, is an issue that has been
concerning the general public, researchers and experts for a long
time. The limits for occupational and public exposure in a certain
distance from antennas are published by some international
organizations like World Health Organization (WHO) and
International ~ Commission ~ on  Non-lonizing  Radiation
Protection (ICNIRP) . These recommendations are used as a
reference to make a decision if the radiation level is permissible
for occupational and public.[1]

Despite all these researches and debates that differ about the
existence of environmental and health damages, it is compulsory to
evaluate the radiation and use these technologies in a rational way
to protect our health from damages that may be hidden at the
present time.

WIMAX base stations employ collinear antennas which are
generally an array of dipole antennas. Theoretical methods are
utilized to estimate the radiation level versus distance for these
antennas. The theoretically estimated values are then compared to
ICNIRP guidelines for public. A Matlab code is used to estimate
power density in the vicinity of WiMAX base station . [2]

Power density

The power density can be defined as the flow rate of
electromagnetic energy per unit area. It is used to measure the
amount of radiation at a given point from a transmitting antenna.
This quantity is expressed in W/m?. [3]

Theoretical power density estimation can be used to establish
guidelines for limiting EMF exposure that will give protection
against health effects.
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The power density (Pd) of the Table below gives a summary of the
exposure limits for the three areas that have become the focus that
concerning the general public.[2]

TABLE 1. ICNIRP, EMF guidelines, Health Physics

Frequency 900 MHz 1.8 GHz 2.45-3.5GHz
Public 45 (W/m?) | 9 (W/md 10 (W/m?)
Occupational 22.5 (W/m?) | 45 (W/m?) 50 (W/m?)

The formula below can be used to approximated Power density at
the antenna aperture:[3]
PG

S=—01
4mR2

€Y
S = power density W /m?2.

R = distance to the center of radiation of the antenna in m.

G = power gain of the antenna in the direction of interest relative
to an isotropic radiator.

P = power input to the antenna /.

The power density of aperture antennas can be calculated using the
formula showed below:

4P
Ssurface = X (2)
S surface = Maximum power density at the antenna surface.
A = m=*(D/2)? Physical area of the aperture antenna and
D = antenna diameter.
P = power fed to the antenna.

For the far-field region which is described by the following
equation:
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A = wave length.

D =linear dimension of the antenna.

In the far-field region of the antenna the power density declines
inversely as the square of the distance, and can be approximated by
equation (1). By assuming field impedance Zo = 120n = 377 Q,
the equivalent power density (P;) can be calculated by the next
formula: [4]

Praa . ©
P; = 0.0796 N ;‘; 1070 (4)

P4 = power density in W/m?
P..q = Is the radiated power from each antenna in W.
G = gain of base station antenna in dB.

N =number of antenna.

RESULTS AND DISCUSSIONS

The peak power density over the distance was estimated by means
of the above mentioned theoretical scheme in WIiMAX
applications.[5]

It is clear from figures (1) (2) and (3) that the power density
radiated form one antenna with power gain ranges from 5dB to
15dB and input power ranges from 30 to 100 watts complies with
ICNIRP guidelines.
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Figure(1). The relationship between power density and distance when
N=1,G=5dB and P,,4[30 50 80 100]
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Figure(2). The relationship between power density and distance when
N=1, G=10dB and P,,4[30 50 80 100]
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Figure (3). The relationship between power density and distance when
N=1,G=15dB and P,4[30 50 80 100]

Figures (4) (5) and (6) demonstrate that the power density radiated
form three antennas with power gain extends from 5dB to 15dB
and input power ranges from 30 to 100 watts is less than 10

(W/m?) which is works in allowable range.
0.8 T T T T
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0.3
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0
10 15 20 25 30 35 40
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Figure (4). The relationship between power density and distance
when N=3, G=5dB and P,,4[30 50 80 100]
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Figure (5). The relationship between power density and distance when
N=3, G=10dB and P.,4[30 50 80 100]
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Figure (6). The relationship between power density and distance when
N=3, G=15dB and P,,4[30 50 80 100]

It is obvious from figures 7 and 8 that the power density radiated
form five antennas with 5dB and 10dB gain and input power
ranges from 30 to 100 watts is still permissible in reference with

194 Copyright © ISTJ 4B ghaa okl (G48a
wu ?3""“ @3.\1\ M



International
Science and Technology Journal

Aty aglall Asal) Alaal

Volume 24 )
January 2021 s\

Ly g g

| vt nal Sy il Torlisiagy Jusrael

ISTAN

ICNIRP guidelines (for General public 10 W/m?). However, in
case of a base station with five antennas and 15dB power gain the
power density exceeds the recommended value when transmitting

at 100 w and the individual is not far from the

base station by 13m.
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Figure (7). The relationship between power density and distance when
N=5, G=5dB and P,,4[30 50 80 100]

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Powrer density (watt/r?)

Prad 30w
Prad 50 w

Prad a0 w

Prad = 100 w

0
10 15 20 25

Distance (m})

30

35 40

Figure(8). The relationship between power density and distance when
N=5, G=10dB and P.,4[30 50 80 100]

Z\.}MUNMMJNM

195 Copyright © ISTJ



International gt A
Science and Technology Journal Volume 24 2l P ———

{4l pshll dp) Alsa) January 2021 A I S TIJ /&

14 T T : T

T
Prad = 30 w
7 R S S SO Prad = 50 w ||
. H | H Prad = 80 w

Prad = 100 w

Power density fwattin?)

o i i I i
10 15 20 25 30 35 40
Distance (m)

Figure (9). The relationship between power density and distance when
N=5, G=15dB and P,.,4[30 50 80 100]

Conclusion:

Power Density over distance can be estimated using a simplified
theoretical scheme considering ideal circumstances for wave
propagation. [3]

Theoretical estimation of power density was executed on locations
tens of meters far from WiMAX base stations and then compared
to the recommendations provided by International Commission on
Non-lonizing Radiation Protection. The estimation procedure was
made using a MATLAB code and the antenna’s technical data.

The results show that the experimented base stations comply with
ICPNIR regulations and exposure is within the permitted levels
except for the base station that has five antennas when transmitting
at 100 W and 15dB gain. it exceeds the recommended level.
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Abstract

Given the importance of domestic gas in our daily life, and the
lack of any means in our country to distribute household gas other
than cylinders (LPG), therefore It is necessary to look for the
possibility of developing and improving the properties of gas
cylinders’ (LPG36L). One of the important goals in the matter is to
reduce the weight of the cylinder to facilitate transportation,
handling and decrease the cost of production. The cylinder type is
specified in this paper (LPG 36L). In contrast, of the paper
published in March 2016 titled with (Development of Locally
Produce Gas Cylinder Design (LBG) and Compared the Design
with International Standards, which used cylinder size of 26L).
Reducing of the cylinder weight is achieved by reducing the
thickness of the metal used in the manufacture of the cylinder body
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within the permitted framework in the international standards used
in the manufacture of cylinders (1SO4706 - 1SO 6892 - 1SO22991
and BSI15045). To investigate the success of the study, a group of
five cylinders with a capacity of 36L was manufactured with a
thickness of 3mm instead of 3.5mm, and the metal was used
according to the approved specifications.

Given the necessity of adopting the results, all cylinders were
subjected to manufacturing and experimental testing processes,
which included visual detection, static pressure testing, underwater
air pressure testing, and X-ray detection tests, as well as
measurements made on samples, including measuring weight,
dimensions, thickness and capacity of cylinders. Also, the tests for
mechanical properties and blasting test have been done on the
samples. All the tests and measurements were 99% in accordance
with international standards. [ISO 4706 First Edition 1989-12-01-
Refillable]

The amount of weight reduction was ((2.9 kg) from the weight of
the previous cylinder (19.21 Kg), so the weight of the cylinder
under study was (16.8 kg), and this result reduced (15.1%) of the
production cost of the cylinders before reducing the weight. The
results encourage us to do more research and development in this
area.

Keywords: Reduce the weight, Dimensions, Thickness, Capacity,
International standards, Mechanical Properties, Production cost,
Blasting, Manufacture of cylinders, Gas cylinders.

1. Introduction

Liquid petroleum gases were discovered in 1912, realized that
these gases could be changed into liquids and stored under
moderate pressure. From 1912 and 1920, LP-gas uses were
developed. The first LPG cook stove was made in 1912. Varieties
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of LPG bought and sold include mixes that are primarily propane,
mixes that are primarily butane, and the more common, mixes
including both propane (60%) and butane (40 %) .This paper
gives the opportunity to modify the standards of gas cylinder that
are related to reducing of the weight throughout minimizing the
thickness for domestic gas cylinder.  Minimizing the weight
means low cost and light product which helps to keep safety, in
this study a number of gas cylinder with various thicknesses was
Manufactured in the (77) factory. Then a set of mechanical tests
was done separately and which, are collecting all the tests results.
All the previous tests were_the actual application of the gas
cylinders’ specifications relying upon the obtained results a new
product with new specifications could be adopted.[ Pressure
Vessel Publishing, Inc:. Design handbook for pressure vessels
based on the ASME codel3. Tulsa, Oklahoma, USA-2004]

2. Experimental Part

The main objective of this experimental work is to improve the
design and specifications of the local LPG cylinder for this project;
a sample of the LPG cylinder was manufactured in the lbn Al
Haytham plant. There are gas cylinders manufactured according to
local specifications, except for metal thickness and sizes. Various
tests were conducted on the selected gas cylinders and the results
were compared to international standards.

2.1 Manufacturing of LPG cylinders.

The Research samples (LPG36) was manufactured at Ibn Al
Haytham Center (77), and each sample gave a special symbol and
a number, so the first cylinder of LPG is (K1) and the second is
(K2) and so on (K3, K4, K5 .Kn). The LPG cylinder made form
carbon steel which produced in china.

2.1.1 Manufacturing Stages in LPG cylinders

These stages divided into four essential steps:

2.1.2 Cutting and forming operations.

This stage involves different steps starting from cutting the raw
material into the metal passes through the following machines,
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cutting steep of row material , deep drawing step trimming and
bending operations, bending lower shell.

[Design ISO/TC58/SC: Cylinder geometry
http://en.wikipedia.org/wiki/ 2006]
2.1.3 Welding process:-
In LPG cylinder two essential types are used, Inert gas electrical
arc welding and submerged arc welding.

[ISO 7406, Construction International Standard: steel products for
welded gas cylinders: (1.12.1981)]

2.1.3.1 Inert Gas Electrical Arc welding.
The Inert gas electrical arc welding operation is used in LPG
cylinders to weld the base and the handle of cylinder.

2.1.3.2 Submerged Arc Welding
In this process, the upper and lower sections of cylinders were
welded together by Automatic submerged arc welding to
circumferential ~ the joint of upper and lower sections of the
cylinders.
2.1.3.3 Weld of bung
The valve base welded by Automatic submerged arc welding on
the upper section of the cylinders.
Development of Locally Produce Gas Cylinder Design (LBG) and
compared the design with International Standards.

3. Heat Treatment Process

After completion of welding, the integral cylinders treated at a
Temperature of (900 ~920 C) for a period of ( 10 ~15 minutes ) to
relief stress of cylinders as shown in figure(1),[ Refillable Welded
Steel Gas cylinders For LPG. 2007-08-01]

4. Final product cylinder

After treating the cylinder with heat, the surface of final product
clean by shot of metal granule to remove any oil, grease, dirt,
black layer or foreign material from the surface of LPG cylinder.
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This part includes the description of the tests carried out to
investigate the quality of the cylinders manufactured with new
dimensions.

The mechanical tests and the macro examination have been
done to check the properties of the parent metal and welds of
pressure container part of the cylinders were carried out on test
species taken from finished cylinders. [48. American Society for
Testing and Materials, ASTM D 2784-98 Standard Test Method

for Sulfur in Liquefied Petroleum Gases]
Manufacturing Finished (K1 tok 5 ,iso4706

Figure (1) finish product of LPG samples (cylinders)

5. Visual examination

All cylinders K group were subjected to a visual examination after
the weld has been completed, by. [ Megyesy, Eugene F:Pressure
Vessel Handbook: (2004, 13th ed.)]

5.1 Hydrostatic Pressure Test

In this test, the cylinder remain under pressure large enough to
ensure that no leakages observed, but not lay than 30 sec. Then the
gas cylinder is inspected visually by monitoring the pressure drop
or the water leakage from the cylinder. [ISO6892: Hydrostatic test
topic is a stub: Retrieved from (2003-1-5)]

5.2 Pneumatic Test

It is made after painting process where an air pressure of
(156Kg\Cm) is injected in the cylinder then the cylinder submerged
in the water.
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A specialist checks the section visually to detect any air leakage
from the cylinder or the valve. Thirty seconds are enough to detect
any leakages.

5.3 Radiographic Examination

This test is conducted on the welding joint of gas cylinder. The
circumference and longitudinal welds are exposed to X-ray to
inspect the internal defects for the K samples.

5:4 Burst TestAs can be seen in the table (1) 17~ gas cylinder
checked for burst test.

Table (1) (K) samples tests burst and mechanical

Cylinder serial no Type of Test
K, 41152 Burst
K> 40061 Burst

Tensile . Bend

Ki 21055 & Hardness

Tensile , Bend
Ka 17703 & Hardness
Ks 41137 Burst

An empty cylinder and a water filled cylinder are both weighed
separately and then they connected by a burst deuce. The water
quantity sucked by the pump is registered when the pressure
reaches 35 Bars. The pump is kept pressurizing the water into the
cylinder until the indicator stops then the reading of the pressure
indicator is registered.

5.5 Tensile and bending tests

Tensile specimens perpendicular to the weld were machined
according to ISO 6890 standard,

two specimens tested for each gas cylinders, the testes were carried
out using a Machine-Type WE -600 B- Grade of Max testing force
600KN the ultimate tensile strength elongation at average were
determined for each cylinder, the bend test specimens were
perpendicular in accordance with 1ISO 6892 standard shown in
table (2 ) dimensions of tensile and bending in metal piece LPG
[ISO 4136 Tensile test on welds]
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Table (2) Dimensions Tensile & Bend in metal piece LPG

Samples | Dimensions of the test piece (Tensile) Standards
Thickness | Carve (R) | Width of test | Total
K grope 25-40mm piece (mm) length.
+0.1m3 (mm)
£ 0.530 80150-1 | 'S0 6892
Dimensions of the test piece (Bend)
T — | 20 | 150-180

(Ks,Kytensile test parent metal in the geometric longitude
direction of the cylinder and tensile test perpendicular to the
circumferential weld and bend test on the topside of the
circumferential weld and bend test on the underside of the
circumferential weld as shown in figure ( 2).

Figure (2) tensile and bend specimens

6.Results and Measurements of LPG 36L

6.1 Hardness Measurements

Eight gas cylinders were selected for hardness test, the average test
of "k" samples 114.6+£14027.Applied test force (30Kg f ), duration
time of test force (15 s)
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Test method was carried out according to [BS EN ISO 6507-
1:2005.]

6.2 Results Of Tensile Stress At Fracture

Tensile strength test for the weld of the cylindrical part was
achieved in the perpendicular direction to the weld and then the
results of this test put in a comparison with the international
standard as in the Table (4.8).The tensile strength was within the
range of [ 1ISO6892 and BS5045 standard ]

6.3 Dimensions and Measurements

Figure and table ( 3 ) shows the exterior diameter, total height,
outside diameter of footing ,Measuring the dimensions of the new
cylinders were also necessary, outside diameter of shroud for (k; to
ks)samples  ,which were produced at Factory (77) —Ebn
Alhaitham Centre for industries

Table ( 3) Dimensions of the cylinder dimensions in millimeters

Exterior Interior Outside Outside
: . Total height | diameter of | diameter of
diameter mm | diameter mm .
footing shroud
317 311 668+5 264+2 20045
Al dirmensions in mim
2005 manufactured in
Factory (77 -Ebn
130+05 Alhaitham Centre
forindustries .
GEB+
Fa+1

EfjLaL ™

[IVERALL HEIGHT
1]

B OHOS. OF MM, 40 LOMG

ﬁ?lf .
2pT=T
WELDS ECANSPACED

& =
L L=E i
2 I
B HOS. S8 HOLES 25412 R!_ .

EQUsLLY SPRCED

cwlinder dimensions 35 Lt

W‘Jejhﬂ@Jﬁ‘M
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Figure ( 3) dimensions of the cylinder

6.4 Thickness Uniformity Test:
Ultrasound device (DM3) is used to measure the thickness of
the cylinder. Thickness measurements were made at different
locations on the cylinder's body and values of the thickness
were obtained as in the table and the figure (4). [Cylinder
(geometry): In  Wikipedia, The Free Encyclopedia:
(2006,December 13)].

Table (4) measuring new thickness (The second samples K1 to K5)

Min Thicknes Thicknes | Thicknes
Nominal thickness of | wall Thicknes satioint | S of | s of foot
material thicknes | sat carve J shroud ring(base
of weld
S (base)
3+0. 0.2
1 0228 | +
+ 2.8 3.35+0.2 2.5+0.1 2.5+0.1
All dimensions in mm
manufactured in
€ Factory 77,-Ebn
25t | i Alhaitham Centre
= R 2% for industries .
2.8t 2.8t/
2.9 J2ot
[ 3.25t
SE 2 35t
3.30t 2.6t 2.8t
2.5t g =2~ 2 5t
cylinder dimensions 35 Lt

Figure (4 ) Thickness of the cylinder used in this work
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Table ( 5) weight for cylinders (Kg)

. . Produced
Samples no Se”f%' no Sparr?SICets Serlgllc’i\l go/?ge- by(77;jfactory
Of cylinders Kg Cylinder kg
K1 41152 16.4 4791 19.200
K2 40061 16.35 3230 19.300
K3 21055 16.4 32833 19.250
K4 17703 16.42 33344 19.10
K5 41137 16.4 33543 19.20
Average weight 16.394kg | @ e 19.21 kg

19.21-16.394=2.816 kg weight loss of LPG cylinderd 15%

6.5 Measuring of weight for new cylinders (Kg)

The cylinder was weighed by means of a digital balance whose
sensitivity of £ 1g. From figure (5), and table (5) It is obviously to
note that the percentage of weight loss is about 15.1% which it is
considered as good percentage in compression with the weight
now used at Factory (77)

Fraguced by (77} factary profect samples of (weight for cyplindes
B1921Kp W 15 394 K

B 2.9kg
waight foss iz gbour 15.1 %

Figure (5) weight loss of LPG

6.6 Measurement of nominal capacity for cylinder

Such a test was accomplished according to the international
standards as the capacity is measured by litters which is equal to
the difference between the weight of the cylinder in (kg) and its
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weight when it is empty at room temperature, as shown in the
figure (6) Accordingly, all the samples are accepted according to
the International Standards.

Table ( 6) capacity for Cylinder

WATER  CAPACITY"
SAMPLES OF "
CYLINDERS CYLINDER SERIAL NO | LT
K1 41152 35.9
K2 40061 36
K3 21055 39.94
K4 17703 35.8
K5 41137 36
Average 36.728 Lt

Vater capacily for cyhnger of sample W2 Water capacity for cylinder of samps

Figure (6) Water Capacity of LPG Cylinder

Results of the mechanical properties test

7. Tensile test on parent metal
Tensile test for the parent metal of the cylindrical part was
achieved in the longitudinal direction the results were obtained as
inthe tables (7,8,9)
Tensile test results for stresses at yield as in the table (10) and
Tensile strength test as in table (11) and engineering strain test on
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the parent metal as in the table (12) were compared with
international standards all of results

Table( 7) Comparison of the Stresses at yieId

| 21055 | 315 Acceped  Accepted  Accepted

k| 03| 300 Accepted Accepled  Accepted

Table( 8 ) Comparison between tensile strength and international
standards

K3 | 21055 | 435 | AGcepiedn PAGcspte N PAGcEsEd N
ke 03 | 40 AGoepiedn PAGSptenI PAGCESEd NI

Table (9) Comparison between the strain test results and the
international standards

21055 216 | AGSEpted N [VAGSEpted ] WAGEEpiEN
Ko 17703 283 | |AGGEpiEdI JAGceptedn NAGGEpEANII]
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7.1 Tensile Test on Welds

Results for tensile test on welds of cylindrical part on the
perpendicular to weld direction. Results of  tensile tests for stress
at yield, tensile strength and results of strain comparison with the
international standards as shown in Tables (10, 11, 12)

Table (10) Comparison between the test results of the tensile stress
at yield and the international standards

produced in (77) —Ebn  Alhaitham @ International standard
Centre for industries

1SO-6892 BSI-BS 1SO 22991:
Samples | CYIinder oiress &t 5045 2004(E)
p serial no )l(/IPa min 250  min min 240
MPa 215MPa MPa
K3 21055 825 Accepted Accepted Accepted
K4 17703 344 Accepted Accepted Accepted

Table (11) Comparison between the test results of the tensile stress
at fracture and the international standards

produced in (77) —Ebn  Alhaitham

Centre for industries International standard

1SO-6892 BSI-BS ISO 22991:
Samoles cylinder tensile min 5045min min
P serial no strength 340 to 440 @ 340 to 430 @ 350 to 440
Rm(MPa) Rm(MPa) Rm(MPa) Rm(MPa)
K3 21055 460 Accepted Accepted Accepted
K4 17703 458.7 Accepted Accepted Accepted

Table (12) Comparison between the strain test results and the
international standards.

produced in (77) —Ebn Alhaitham

Centre for industries International standard

BSI-BS 1SO 22991
Samoles cylinder strain 1ISO-6892 = 5045 2004(E)
P serial no % min min Min
(22%) (28%) (22%)
K3 21055 31 Accepted Accepted Accepted
K4 17703 33.3 Accepted Accepted Accepted
211 Copyright © ISTJ 4% ghaa akal) (3 g8a
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7.2 Results of bend test

The test was carried out perpendicular to the weld using mandrel
with angle of 180, the specimen has been bent through angle180.
by the same tensile machine . The results showed that there were
no cracks, existed i.e., there are no defects in the welding joints .
[A.Snafey .E.S:Mechanical.Engineering:.Wikipedia.by.Expandingt
Man45 (2004).],

7.3 Results of burst pressure test

The test results of burst pressure were obtained by burst pressure
device and then compared with the minimum values of the burst
pressure according to the International Standards. as shown in
table(13)

Table (13) Burst pressure test results compared with international
standards

I1SO
sample ) presser | Presser | 1SO-6892 BSI-BS 22991:
of cylinder ield b Mi 1 5045 2004(E
cylinder | serial no at yie at purst in -8 Min -60 | 2004()
bar bar BAR BAR Min-50
BAR
K1 1152 52 86 Accepted Accepted Accepted
K2 40061 54 86 Accepted Accepted Accepted
K5 41137 51 84 accepted accepted accepted

one of the samples, which have been selected and subjected to the
burst pressure, the shear was perpendicular to the weld while
others were sheared only in the weld zone as shown in the figure

(7 )Accordingly, this does not make any difference to the quality
of the cylinder and all the samples are accepted according to the
International Standards. [51.1SO 4256:1996 Liquefied petroleum
gases - Determination of gauge pressure - LPG method (IP
410/99)]
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K2-Presserat burst
86bar

K1-Presser at burst
86bar

K5-Presser at burst
84bar

Figure (7) Burst shape of the (K) samples, which have been selected and
subjected to the burst pressure.

7.4 Volumetric Expansion At Burst pressure

After the burst pressure, an expansion has happened to the

cylinder, which is volumetric expansion at burst. This expansion

was within the allowable range of the International Standards as

shown in table (14).

Table (14) Results of the volumetric expansion at burst pressure
compared with International Standards

Produced in Arrabta Factory International standard

cylinder | Volumetric Volumetric 1SO-6892 BSI-BS 1SO22991
serial expansion at | expansion at | min(22%) 5045 min(20%)
no burst(Lt) burst( %) min(22%)

41152 13 36.1

40061 145 40.5

41137 12.3 34.2

7.5 Results of Volumetric expansion at (35bar) Hydraulic Test

All cylinders were subjected to hydraulic pressure of 35 Kg/ cm
and maintained for at least thirty seconds to detect if there is any
leakage in each cylinder. Consequently, the pressure was stable
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and did not suffer from any drop so there was no leakage through
all the selected samples .as shown in the table (15).

Table (15) Results of Hydraulic Test

Cylinder Volumetric expansion at (35bar)

serial no Lt % Results
41152 0.3 0.83 no leakage
40061 0.3 0.84 no leakage
21055 0.2 0.55 no leakage
17703 0.4 1.12 no leakage
41137 0.35 0.97 no leakage

7.6  Results of Permanent Volumetric expansion test
permanent volumetric expansion values are within the
allowable range of the International Standards accordingly, all
the samples are accepted as in
[design,ISO/TC58/SC:Pneumatic Cylinder]

the table (16)

Table ( 16) Results of Permanent Volumetric expansion

Permanent Volumetric expansion International standard
(%)

serial no cylinder |% Lt 1SO-6892  max BSI-BS 1SO22991

(9%) 2045 max(17%)
max(10%)

41152 0.003 |1.53 [Accepted Accepted Accepted

40061 0.002 |2.14 [Accepted Accepted Accepted

41137 0.002 |2.7 [accepied accepted accepted

7.7 Chemical Analysis (Wt. %0).
To determine the chemical composition of the material used the
two sample were cut and prepared from the metallic body of the
cylinder and then subjected to a chemical analysis using. The
obtained results were compared with the international standards
and were found accepted as in the table (17). [William Augustus
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Tilden. Chemical Discovery and Invention in the Twentieth
Century. Adamant Media Corporation, 80. ISBN0543916464]

Table(17)Chemical Composition (K) Samples

Element BSI-BS %wt 5045: part : | Materially China Steel
1978 Company
Sampler k1 : k4
Carbon 0.20max 0.0657
Silicon 0.30 max 0.0177
Manganese | 0.60 max 0.3401
phosphorus | 0.05 max 0.0122
Sulpur 0.05 max 0.0083

7.8 Radiographic Examination.

This test was made to the welding joint of the two halves of the
cylinder. As can be seen in figure (8) results showed that there
were no cracks, no poor penetration and no infused areas existed
except for some defects in a form of spatters in the welding joints
for the (k3) samples .

Figure (8) Radiographic Examination films for (K1 to K4, samples

7.9 Hardness measurements.

Hardness testing is one of the oldest mechanical testing methods ,
it is widely used in Quality control because it is a relatively cheap
test , rapid to non-perform destructive Hardness is the ability of a
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material to resist surface indentation or scratching .it therefore
indicates resistance to abrasion or wear however its main use is to
check the Quality of product e.g. whether a heat treatment process
has been carried out correctly So that the component's hardness
meets that specified by the designer.

In this project the hardness results is shown in the table (18) which
obtained by Vickers test machine according to [BS EN 1SO 6507-

1:2005.]

Table (18) Hardness Measurements .
Sample's (K) Hardness Value(HV 30/15)
K1 114.5+13.97
K2 116.7+13.76
K3 114.1+14.32
K4 113.1+14.06
Average 114.6+£14027

7.10 Economic Results of new products LPG

It was obviously to found out that the percentage of weight loss is
about 15.1%, it is therefore considered as a good percentage
compared with the previously adopted weight. Accordingly, this
weight loss will certainly lead to cost reduction of the product.
Table (7.2) the quantities of metal reduction in (kg) as well as the
reduction of the cost estimated in (LD) annually.

Table (19) the reduction of weight and cost

Weight Annual Annual
Annual | Annual t t
cylinders 0SS Per weight cost cost
roduction cylinder loss (Kg) reduction reduction
P (Kg) g Euro (LD)
50,000 2.9 140800 59136 109401.6

8. Discussion of results test of new products LPG

As can be seen in table (4) the thickness change from 3.5 mm to 3
mm has affected the outside diameter of the cylinder which
resulted in a reduction of (Imm) in the outside diameter. The

B gina ol g8a
4830 g o glall 4 ga) Alpall
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outside diameter of gas cylinder after the thickness reduced was
changed from 317 mm to 311 mm. Figure (4) shows the
measurements of the wall thickness which are taken at different
places of the cylinder's body after production. The figure also
shows that at some places, the thickness is reduced by (0.2 mm)
which resulted with a remained wall thickness of wall thickness of
(2.8£0.2 mm). Table (5) clearly shows the weight of the new
manufactured cylinder of (3mm) Thickness, which has an average
weight of (16.8 Kg). The figure also shows the weight of the old
thickness (3.5mm), which has an average weight of (19.21 Kg).
From the previous information it is obviously to note that the
change of the thickness resulted in a reduction of weight by (2.816
Kg).

Figure (6) shows the nominal capacity for each (K-36 Lt) cylinder.
As each column represents a cylinder from K; to Ks and shows
the average capacity of the cylinder to be equal to (36.728 Lt.).

It is remarkably notified that the change in capacity was very
small because of the very small change of the inside diameter.
And  The X-ray Results did not show any defective areas at the
welding joints and it is within the specifications allowance figure
(8) . Also the mechanical properties were compared with
International standard Table (7 to 9)the average yield strength of
the cylinder is 307.5 The previously mentioned results table (7)
are acceptable according to the International Standards .

Table (8) illustrates the results of the tensile strength test for the
material of the cylinders and the average value of maximum
tensile strength is (432.5MPa); this value is also within the
International Specifications. From table (9) the average value of
the rate of strain for the weld(28.4%) which is within the
International Specifications.

The results of test specious for cross —weld tensile test are
illustrated in table (10 to12) . Table (11) shows the tensile test at
the welding areas for the sample (K-36Lt) Where the average
value of the yield tensile is (325MPa). Table (11) shows the
Maximum stress value to be (459.35MPa). Table (12) shows the
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reaction value at the welding point to be (32.15%) all the previous
results are within the International Specifications.

Table (13) shows the values of the burst test results for all samples
(K1-K2-Ks). From the table, the mean value of the yield point is
equal to "52.33 bar" and the mean pressure at the burst moment is
equal to "85.33 bar ".

The discussion of the results for the volumetric of the cylinders
which were obtained from the table (13),it is obviously noticed
that the percentage of the volumetric expansion at the burst point is
greater than allowable values of the standards except

The table (16) includes the values of the volumetric expansion of
the sample (K;-K;-Ks) and showed no leakage from the cylinders.
Consequently; the result of the test is acceptable and are in
accordance with the Standards.

The volumetric deformation of the cylinders for all the samples did
not exceed (2.7%) which is less than the maximum allowable limit
of the standards.

Accordingly, this value of deformation of the cylinder is
acceptable as shown the table ( 17 ) , and the results for the
chemical analysis of the cylinders were obtained From the table
(17) includes the results of the chemical analysis of the samples
which Were extracted from the metal of the cylinder for the
samples (K;) the results were Compared with the standards (
BS15045 , EN1442 and 4706 ) which are utilized in manufacturing
the cylinders in the local factories according to the Comparison
between the analysis values of the samples and the relevant
standards. All The values are within the range of these standards.

9. Conclusion

The most important points resulting from this paper were
1. The new design of LPG cylinder of 36Lt size has a reduction in
a raw material cost of 15%. The amount of weight reduction was
((2.9 kg) from the weight of the previous cylinder (19.21 Kg), so
the weight of the cylinder under study was (16.8 kg).
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2. The new design of LPG cylinder of 36 Lt size has less weight
than the previous LPG cylinders.

3. The cylinder under study has a great degree of safety and
security for the purpose of domestic use after performing all the
tests stipulated in the international specifications

4. This paper gives the opportunity to modify the standards of gas
cylinder that are related to reducing of the weight throughout
minimizing the thickness of domestic gas cylinder. 4. Cylinders (K,
35 Lt.) with wall thicknesses of (3mm.) both have Dbetter
advantages to customers easier in handling and transportation .etc.

10. Suggestions for the work

As a result of this study, the following are strongly recommended :
1.Utilizing the cylinder of (3-mm.) wall thickness, which is made
in ibn Alhythem Factory instead of the old cylinder of (3.5mm.)
wall thickness.

2. We recommend continued research and development in the field
of gas cylinders.
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Abstract:

The aim of this study is to examine the effect of teachers’
experiences on students’ mathematics achievement of 406 students
enrolled in various secondary schools in Libya, students’ ages
averaged between 15 and 19 years, located at three different
locations in Libya. Of this total, 29.6% of students were from
urban schools, 34.2% of students were from Semi-urban schools,
and 36.2% of students were from rural schools. The students were
asked to respond to the questionnaire items using a 5-point Likert
scale. The data was analyzed using Statistical Package for the
Social Sciences (SPSS). One-way ANOVA test were run to
determine whether there were any differences in the students’
achievement in mathematics based on school features such as:
teachers' characteristics. The results of One-way ANOVA test
showed that there are significant differences in mean of
mathematics achievement scores based on teachers’ experience.

Keywords: teachers’ experiences, mathematics achievement,
secondary schools, Libya.
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1- INTRODUCTION

It is plausible to suppose that the teachers’ characteristics and their
experiences and behaviors in the classroom, enrich the educational
environment of the students, which consequently have an effect on
student achievement. Even though we do not undermine the role of the
parents in influencing student learning. Also Acknowledged is the
difficulty to establish causal relationships between these factors and
student achievement. There is a common assumption with regard to the
relationship between teacher experience and student achievement is that
students taught by the most experienced teachers achieve a higher level,
because their teachers have mastered the content and obtained classroom
management skills to deal with different types of classroom problems [1,
2]. In addition, teachers who have more teaching experience are
considered to be more able to focus on the most appropriate way to teach
subjects for students who their abilities, prior knowledge and
backgrounds are different [3, 4]. Greenwald, Hedges et al. [5], Al-Agili,
Mamat et al. [6] and Hanushek [7] examined the relationship between
school resources such as the ability, education and experience of the
teacher and student achievement. The result indicated that the measures
teacher experiences were more consistently related to achievement than
measures teacher education. Ashton [8] suggests that teachers who have
regular state certification and more experiences receive higher supervisor
assessments than other teachers. Teachers Without preparation have
difficulty in predicting and overcome barriers to student learning, and
likely to hold low expectations for children with limited income.
Darling-Hammond [9] concluded that the preparation of teachers
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associated with the students performance before and after controlling of
the poverty and the language status. The researcher restricted the teacher
characteristics to a category of measurable variables as teaching
experience, and teachers' beliefs about mathematics and teaching.

This study answered the following research hypothesis: There is no
significant difference in mean of mathematics achievement scores across
teachers’ experience.

2- RESEARCH METHODOLOGY

The target population consisted of first, second and third grade students
enrolled in various secondary schools in Libya, the population of these
schools is around 2300 students, students’ ages averaged between 15 and
19 years, located at three different locations in Libya, (urban schools,
semi-urban schools, and rural schools). Although the researcher
distributed the questionnaires to a sample consisting of 750 students, a
total of 406 students responded these questionnaires. The demographic
characteristics of students are shown in Table 1 . Fifty-seven students
were in the first grade, hundred and eighty students were in the second
grade, and hundred and sixty-nine students were from the third grade.

Table 1. Student demographic

Students Grade Age Urban Semi-Urban Rural Total
Male | Female Male | Female | Male | Female
<16 1 6 0 0 0 8 15
First Grade 16-17| 12 14 0 0 5 4 35
>17 2 2 0 0 2 1 7
<16 0 0 0 2 0 5 7
Second Grade 16 - 17 6 11 37 28 16 40 138
>17 1 7 10 4 7 6 35
<16 0 0 0 0 0
Third Grade 16 - 17 6 6 10 17 7 18 64
17 20 20 11 20 16 12 108
Total 54 66 68 71 53 94 406

These students were taught by 29 teachers, all of them were
females, nineteen teachers had more than 10 years of experience,
seven teachers had experience of 5 — 9 years and while just three
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teachers had experience of less than five years. These teachers
have bachelor degrees except three teachers who had obtained high
diploma from Higher Institute of Teachers, as showed in Table 2.

Table 2. Teacher’s characteristic

Teachers characteristic Urban  Sub-Urban Rural Total
<5 years 1 1 1 3
experience 5-9 2 3 2 7
>10 7 5 7 19
Total 10 9 10 29
bachelor 10 6 10 26
qualificati high diploma 0 3 0 3
on
Total 10 9 10 29

3- DATA ANALYSIS

one-way analysis of variance techniques (one-way ANOVA) using
SPSS 18.0 computer software package was used to examine the
differences in the students achievement in mathematics based on
teachers' experience, since there are more than two groups [10].

4- Teachers’ experience-based Differences

One-way ANOVA with post-hoc test was conducted to explore the
effect of teachers’ experience on students’ achievement in
mathematics. Teachers’ experience was divided into three groups
according to their experience (more than 10 years; 5 to 9; less than
5 years).
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Table 3. Differences in mean of mathematics achievement based on
teachers’ experience

Sum of Mean

Squares df Square F Sig.
Between 58.497 2 29.248 32143 .000
Groups
Within 366.705 403 910
Groups
Total 425.202 405

Based on the one-way ANOVA test analyses of the effect of
teachers’ experience on students achievement in mathematics
Table 2, there was a statistically significant difference at the p<.05
level in students achievement scores for the three teachers’
experience groups (F(2, 405) =32.143, p =.000). The actual
difference in mean scores between the groups was (eta squared
=.137) would be considered a large effect size. The magnitude of
the differences between groups proposed by Cohen, [11] which are
.01=small effect, .06=moderate effect, .14=large effect.

The effect size eta squared for ANOVA test calculated by using
the formula as follows:

Sum of squares between—groups

eta squared = [11].

Post-hoc comparisons using the Tukey HSD test Table 4 showed
that the mean score for students who are studying with teachers
their experience is more than 10 years (M=3.271, SD= 1.049) was
did not differ significantly from students who are studying with
teachers have experience 5 to 9 years (M=3.195, SD=.983). And
students who are studying with teachers have experience less than
5 years (M= 2.474, SD=.841) was significantly different from
students who are studying with teachers have experience is more
than 10 years and teachers their experience 5 to 9 years. That is

Total sum of squares
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mean, students who are studying with teachers have 5 years'
experience or more reported higher levels of achievement in
mathematics than students who are studying with teachers have
experience less than 5 years.

Table 5. Post Hoc test TUKEYHSD

(1) teachexpe (J) teachexpe Mean Difference Sig. Mean S.D.
more than10 5-10 years .07607 .823
years 3.2715 1.049
les than 5 years 79727 .000
5-10 years more than10 years -.07607 .823
3.1955 .983
les than 5 years ~ .72120 .000
les than 5 years more than10 years -.79727 .000 24743 841
5-10 years -.72120* .000

Also, the one-way ANOVA test analyses, indicated that there were
statistically significant differences at the p<.05 level in teaching
practices and methods for the three teachers’ experience groups.

5- DISCUSSION AND CONCLUSION

The results of One-way ANOVA test showed that there are
significant differences in mean of mathematics achievement scores
based on teachers’ experience groups. That is mean students who
are studying with teachers who their experience 5 years or more
were significantly different from students who are studying with
teachers have experience less than 5 years, this finding consist
with the finding of Bodenhausen [12], Darling- Hammond [9],
Fetler [13], and Klecker [14] who indicated that there is a
significant positive relationships between teachers' experience and
student achievement in secondary schools, and students who
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taught by teachers have more than 10 years of experience had
higher scores than students who taught by teachers have less than
10 years of experience.
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Abstract :

Polyaniline Nanocomposites is very important to understand and
evaluate the mechanical, thermal, and chemical stability properties
of the nanocomposite materials. Polyaniline/layered Titanosilicate
(PANI/JDF-L1) nanocomposites were prepared by in situ
polymerization of anilinium monomer with layers of (Na+- JDF-
L1) using ammonium peroxy disulfate (APS) as an oxidizing
agent. Different amounts of aniline were used to verify this effect
on the characteristics of the formed nanocomposites. The prepared
PANI/JDF-L1 nanocomposites were characterized by UV-VIS,
Fourier Transform Infrared (FT-IR), X- ray diffraction (XRD),
Thermo Gravimetric  Analysis (TGA), and conductivity
measurement. The formation of nanocomposites was confirmed by
FT-IR, UV-VIS. The basal spaces of PANI/JDF-L1
nanocomposites which decreased after the polymerization process
as evidenced from X-ray diffraction (XRD). At a higher level of
loading the polyaniline, layered structure of nanocomposite breaks
forming exfoliated nanocomposite, revealing well-defined
nanosized morphology of polyaniline Titanium Silicate (JDF-
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L1).The PANI/JDF-L1 nanocomposite was found to be thermally
stable up to 340Co and showed conductivity value 4.9 x 10-4 S/cm
with 13.4 wt % loading of PANI-ES in JDF-L1 .

Key-words:  Titanium  Silicate, conductive  Polyaniline,
Nanocomposites, In-Situ Polymerization, Conductivity .
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1. Introduction :

One of the synthesis methods of polymer/layered silicate
nanocomposites is In situ intercalative polymerization method. In
this method, the layered silicate is swollen within the liquid
monomer or a monomer solution so the polymer formation can
occur between the intercalated sheets. Polymerization can be
initiated either by heat or radiation, by the diffusion of a suitable
initiator, or by an organic initiator or catalyst fixed through cation
exchange inside the interlayer before the swelling step [1]. The
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properties of a nanocomposite are greatly influenced by the size
scale of its component phases and the degree of mixing between
the two phases. Depending on the nature of the components used
(layered silicate, cation exchange capacity, and polymer matrix)
and the method of preparation, significant differences in composite
properties may be obtained [2]. The two-dimensional frameworks
are typical of layered inorganic solids such as layered silicates are
the most common two dimensional solids and their distinctive
properties, such as high part ratio as well as high surface area,
make a valuable donation to new properties of nanocomposites [3].
Layered silicates such as montmorillonites and hectorites have the
same structural properties as the recognized talc and mica [4]. One
of the most studied pairs in conducting polymer/layered inorganic
solid nanocomposites are the nanocomposites consisting of
polyaniline (PANI) chains pawned in the two dimension of layered
silicates with the distinctive properties raised above. A number of
studies on the preparation, properties and applications of
PANI/layered silicate nanocomposites were carried out [5-14].
Jilin Davy Faraday-Layered solid-1 (JDF-L1). The chemical
composition  of  layered titan  silicate  JDF-L1 is
[NadTi2Si8022-4H20]. The refined unit cell parameters in space
group P4212 (no. 90) are a=b = 7.3740 A, ¢ = 10.7030 A. This is
an unusual non-centrosymmetric, tetragonal layered solid. Its
contains five-coordinated Ti (IV) ions in the form of TiO5 square
pyramids where each of the vertices of the base is linked to SiO4
tetrahedra  [TiO-04(SiO3)4] forming continuous sheets with
exchangeable interlamellar Na+ ions [15]. Sodium cations and
water molecules are located between the layers, with the former
neutralizing the framework charge [16]. In the [001] direction, the
layers also contain six-member rings composed of two square
pyramids and two pairs of tetrahedral giving rise to a pore size
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across the layers of approximately 3 A (smaller than the kinetic
diameter of 02: 3.46 A) [17]. In this work the Polyaniline/JDF-L1
nanocomposite were prepared by In-Situ polymerization of aniline
in JDF-L1 using ammonium persulphate as an oxidizing agent.
According to the Previous literature review, there not too many
researchers have worked on the layered nanocomposite. The
objective of this work was to study conductivity and thermal
stability of the resulting nanocomposite.

2. Experimental and Methods:

2.1Chemicals and Solutions

Aniline, C6H5NH2 (Aldrich, 99.9%), Hydrochloric acid
(Anachemia), Sulfuric acid (Anachemia), Nitric acid (Anachemia)
Hydrofluoric acid (Anachemia), Ammonium peroxydisulfate,
(NH4)25208, (Mallinckrodt) , Sodium silicate solution (27wt%
Si02, 14 wt% Na20, and 59 wt% H20), Sodium hydroxide
(Aldrich), Titanium chloride, TiCI3 (30wt% TiCI3 in 24wt% HCI
solution, Merck), and Potassium fluoride, KF.2H20 (Aldrich). All
solutions were prepared using 18.30 MQ/cm water obtained from a
Barnstead E-pure water filtration system.

2.2. Synthesis Methods

2.2.1. Synthesis of conducting Polyaniline (PANI-ES)

The synthesis PANI was based on mixing aqueous solutions of
anilinium saltand ammonium peroxydisulfate by chemical
oxidation polymerization [18]. In a typical procedure, anilinium
salt (26.73 g , 20 mmol) was dissolved in distilled water in a
volumetric flask to 50 ml. Ammonium peroxydisulfate (58.22 g ,
25 mmol) was dissolved in distilled water also to 50ml. Both
solutions were kept for one hour at room temperature, then mixed
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and shortly stirred in a beaker, and carried out in an ice bath at 0-
2°C for the completion of polymerization. The color of the
reaction mixture was observed to change from light blue to blue-
green and finally to dark green. After 24 hours, the dark green
precipitate was collected on a filter paper, washed with three
100ml portions of 0.2 M HCI, and likewise with acetone. The
final product of Polyaniline (emeraldine) hydrochloride powder
was dried in air.

2.2.2. Synthesis of Titanosilicate (JDF-L1)

The layered Titanosilicate (JDF-L1) was synthesized by a
hydrothermal process [19]. A weight of 33.6 g sodium silicate
solution (27 wt% SiO2, 14 wt% Na20, and 59 wt% H20) was
stirred with 10 g distilled water. To this solution was added a
solution of 4.2 g NaOH in 30 ml distilled water. The resulting gel
was stirred for 1 hour at room temperature, A second solution of
13.5 g TiCI3 (30 wt% TiCI3 in 24 wt% HCI solution) in 13.5 ml
distilled water. The second solution was added drop wise to the
first and continued stirring for 1 hour. At this time was added 4.7 g
of KF.2H20 and 0.65 g of JDF-L1 seed crystals were added
respectively, and the mixture stirred until became homogeneous.
Then, the gel was autoclaved under autogenous pressure in a
Teflon-lined autoclave for 10 days at 180°C. The resulting material
was filtered and washed three times with distilled water, and dried
at 100Co.

2.2.3. Synthesis of PANI/ JDF-L1 Nanocomposite

PANI/JDF-L1 Nanocomposites were prepared by the initial
intercalation of anilinium chloride into layered Titan silicate (JDF-
L1) and subsequent polymerization of aniline. The procedure was
carried out by stirring 2.0 g of JDF-L1, dried at 1000C, in 100 ml
of 0.2 M aniline hydrochloride aqueous solution for 24 hours.
After that, the aniline HCI/JDF-L1 was filtered and added to
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200ml of 0.0022 M ammonium peroxydisulfate solution under
stirring for 2 days. The colloidal color changes from white to pale
green. The filtered solid obtained is dried in air and denoted as
PANI/JDF-L1 nanocomposite. The in-situ polymerization of
polyaniline (PANI) in layered titanium silicate (JDF-L1) was
proposed and illustrated in scheme 1.

e 2P = e TN
pu— ¢ . ) Intercalation & P R )

iggapsw B | gl ypl’
po g Y kgl (NH),S,0,4
M \

Scheme 1. The in-situ polymerization process of polyaniline in layered
titanium silicate (JDF-L1)

2.3. Characterization

The diffuse reflectance spectra of the resulted powdered samples
were analyzed using the standard sampling cup supplied with the
Praying Mantis accessory, using a Varian Cary 5000 UV-V is NIR
Spectrophotometer fitted with a Cary diffuse reflectance accessory.
The spectra were collected in absorbance at a spectral bandwidth
of 2 nm and at a rate of 200 nm/min between 200 and 800 nm. The
PANI nanocomposites samples were mulled with dry potassium
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bromide crystals and these were mounted in IR cell in the
conventional way to record the IR spectra using Bruker IFS-25
DPUS/ IR spectrometer. FT-IR spectra were recorded at room
temperature over the wave number range 4000-600 cm-1 with a
resolution of about 4cm-1. Powder X-ray diffraction studies were
carried out using Philips DW 1800 diffracto meter interfaced to a
PC and using X pert industry operating software. The samples
were pressed into an Aluminium holder for analysis. The powder
patterns were recorded for 20 over the range of 2° to 45°. This
experimental set-up under a 40 KV accelerating voltage and a
current of 30 mA, and employed nickel-filtered Cu k o radiation
(A=1.5412 A®). Coupled 6-20 scans with a step size of 0.02° and a
scan rate of 2°/minute were used. Thermogravimetric and
differential thermal analyses were performed on SETARAM a
simultaneous TG-DSC thermoanalyzer, model TG-DSC111, with a
heating rate of 10 degree/min, in static air, from room temperature
to 850 C° using a platinum crucible, and flow rate of the
controlling gas (air) of 20 ml/min. The conductivity measurements
were carried out by a two-probe technique recorded at different
temperatures by a Keithley electrometer, model 614. Samples were
tested in a surface cell as well as in a sandwich cell form. Pellets
were also used in the case of pure conducting polymers.

3. Results and Discussion

Nanocomposites consisted of the emeraldine salt form of PANI
and layered titanium silicate JDF-L1 were prepared by the ion
exchange process of anilinium cation into interlayer spacing of
layered titanium silicate JDF-L1 by the oxidative polymerization
of aniline with ammonium persulfate. In order to confirm the
removal of sodium cations out of the interlayer spacing of JDF-L1
layers due to the ion exchange process of anilinium, elemental
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analysis with ICP-AES was performed and the results are reviewed
in Table 1. The amount of sodium cation present in the
nanocomposites was found to be trivial compared with the sodium
amount in the original layered titanium silicate JDF-L1. Therefore,
we deduce that the interlayer sodium cations initially present in the
layered titanium silicate JDF-L1 have completely been replaced by
anilinium. All the nanocomposites prepared in the present study
will be hereafter denoted as PANI/JDF-L1 nanocomposites .

Table 1: Characteristics of polyaniline/JDF-L1 and nanocomposites
(PANI/JDF-L1)

PANI content |Sodium content Mean Crystallite
Sample d-spacing/nm
(wt%o) (wt%) size/nm
JDF-L1 - 10.98 1.067 35.66
PANI/JDF-L1 8.70 1.53 0.96 10.69
PANI/JDF-L1 13.40 - 0.96 9.83

Note: Samples:- 1-Determined by Thermo-gravimetric analysis. 2-
Determined from inductively coupled plasma-atomic emission
spectroscopy (ICP-AES). 3-Calculated from the Scherrer equation.

3.1. XRD Study

XRD spectra were recorded to determine the formation and
structure of these nanocomposites. Figure 1 shows the XRD
patterns of JDF-L1, which to exhibited several sharp reflection
peaks with high intensity, indicating a basal spacing (001) of inter
layers 12.32 A® at 20 = 8.33. As far as polyaniline is concerned, it
is a semi crystalline material, which shows broad and less intense
band in XRD spectra. The characteristic band is shifted to a wide
diffracted angle found at 20 = 9.34° (figure 1b and 1c) for
PANI/JDF-L1 nanocomposites with polyaniline weight % of 8.7
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and 13.4 respectively. At the same time the solid turns from white
to pale green. PANI/JDF-L1 crystals are shown to have a few
equivalent (00I) reflections shifting to the wide-angle range,
resulting in a lattice contraction in a-axis and c-axis directions.
This decrease in basal spacing relative to the Na+ form indicates a
loss of interlayer H2O due to anilinium cation for Na+ exchange
and forming polyaniline after the oxidation process. Besides, the
general broadening of diffraction peaks indicated that stacking
disorder had taken place during the proton exchange process [20].
Similar behavior has been noticed that reflections of (00l) plane
shifting to a wide angle in XRD spectrum is used as the exfoliation
operation of layered titanium silicate JDF-L1 [17]. This deviation
may be due to asymmetry in the arrangement of polyaniline
molecules in the layer platform, which also can be seen from the
larger peak width compared to original layered Titanium Silicate
JDF-L1.

it Ntraspiirecasnsnt el

Intensity (a. u.)
T

o

. MLE:JL o

C 1 1
10 20
2 theta (degree)

Figure 1. XRD spectra of: (a) pure JDF-L1; (b) polyaniline-JDF-L1 (13.4
wit% PANI) nanocomposite; (c) polyaniline-JDF-L1 (8.7 wt% PANI)
nanocomposite; (d) pure polyaniline
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3.2. FT-IR Study

FT-IR spectra of pure JDF-L1, PANI (PANI-ES), and PANI/ JDF-
L1 nanocomposites are shown in Figure 2. The major peaks of
JDF-L1 (figure 2a) can be divided into the following four main
vibration peaks. The asymmetric stretching vibration of Si—-O-Si at
1054 cm-1. The symmetric stretching vibration of Si—-O-Si at 672
cm-1. The stretching vibration of Ti—O at 762 cm-1. The peak at
982cm-1 is assigned to the tetrahedral titanium. However, The
bending of water molecule 6(O-H) shows at 1622 cm-1. These
observed bands are in good agreement with previously published
values [21]. FT-IR spectra of PANI-ES (figure 2d) shows four
major vibration peaks at 1550,1435, 128l,and 1230 cm-1
suggested that all the polyaniline compounds have the emeraldine
salt structure. The 1550 and 1435 cm-1 peaks characteristic of the
quinoid and benzenoid rings, respectively. The 1281 and 1230 cm-
1 peaks characteristic of the conducting polar on structure C-N+ of
doped PANI associated with the oxidation or protonation states of
PANI [13]. We observe on closer look at the FT-IR spectra of
PANI/JDF-L1 nanocomposites that there is a slight difference, as
shown in figures 2(b) & 2(c). The wide absorption band at 3440
cm-1 corresponded to the hydrogen-bonded stretching vibrations
(NH---O) of intra molecular and intermolecular secondary amines.
As shown in figure 2(a), the peaks mentioned previously still
existed but with a significant decrease in the peak intensity when
PANI was intercalated into JDF-L1. The band at ~1281 cm-1 for
the PANI-ES is assigned to the stretching vibration of C-N as
indicated by a thick arrow in figure 2(d). It is significantly shifted
to ~1308 cm-1 for PANI intercalated nanocomposite shows that
figure 2(b& c). consequently, the frequently shift of C—N observed
in nanocomposites is believed to be caused by hydrogen bonding
between PANI and surface layered of JDF-L1 .
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Figure 2.FT-IR spectra of: (a) pure JDF-L1; (b) polyaniline-JDF-L1
(13.4 wt% PANI) nanocomposite; (c) polyaniline-JDF-L1 (8.7 wt%
PANI) nanocomposite; (d) pure polyaniline

3.3. UV/VIS Study

UV-VIS spectroscopy was employed to characterize the optical
properties of the synthesized nanocomposite materials. Figure 3
shows the UV-VIS absorption spectra of pure JDF-L1, polyaniline
emeraldine salt (PANI-ES), and PAN1/JDF-L1 nanocomposites
respectively. In the UV-VIS spectra of pure JDF-L1 in figure 3(a),
a single absorption peak is observed at 230 nm with the estimated
band gap was 5.39 eV a blue shift indicating particle size of JDF-
L1 in the nanorange. Both UV-VIS spectra of PANI-ES and PANI
nanocomposites show similar three peaks at 270, 350, and 570 nm
which are assigned to a m-m* transition of benzene rings in the
PANI-ES chains, radical cations of quinonoid structure of PANI
(polaron w*), and m polaron transitions, respectively [22].
However, the broad peak was observed at 410 nm in the spectra of
PAN1/JDF-L1 nanocomposite (Figure 3 (b&c)), which is
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attributed to the p- m * transition of the quinonoid structure of
PANI. Therefore, the content of quinonoid units of PANI in the
nanocomposite was higher than that in the neat PANI [14]; this
was in good agreement with the Fourier transform infrared results.

3r 570 d

200 200 400 500 600
2(Nm)

Figure 3.UV-VIS spectra of: (a) pure JDF-L1; (b) polyaniline-JDF-L1
(13.4 wt% PANI) nanocomposite; (c) polyaniline-JDF-L1 (8.7 wt%
PANI) nanocomposite; (d) pure polyaniline.

3.4. Thermal Stability Study

Thermal gravimetric analysis is used to studied thermal stability of
polymer composite. TG-DTA data of (a) pure JDF-L1, (b) pure
PANI-ES, and (c) PANI/JDF-L1 nanocomposite under a N2 purge
at a heating rate of 10 oC/min are shown in Figures 4&5 (a,b)

A) Thermal analysis of Titanosilicate (JDF-L1):

The TG-DTA curve of as synthesized JDF-L1 are presented in
figure 4. it shows two temperature regions of the weight loss
process. At the low-temperature region three endothermic effects.
The first effect is typical of adsorbed water, where the other two
are characteristic of a shrinkage of the interlayer space along the c-
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axis direction perpendicular to the basal plane [23]. The total water
loss between 120 and 255 oC is 8.56 wt%, which is exactly with
theoretical value of 8.6 wt% corresponding to four H20 molecules
per formula unit. At high-temperature region, there are two
isothermal effects. The endothermic effect at 700 oC
corresponding the collapse of the structure of JDF-L1 and the
exothermic effect at 755 oC for formation of Narsarsukite
compound on the DTA curve [21]. These data can be expected,
JDF-L1 shows a high thermal stability.

L I ]
T T T T T T T T T T T T

T
TGiwg

8.56%

SIO l.I?D 1?0 Z!CIID JSID ) 3?0 _3?0 00 45|0__5I|JD 55|-O 00 bi;-b—Tir'ﬂ.nn—bfetbmel'.i:ll’ci‘C
Figure 4. TG-DTA curves of Titan silicate (JDF-L1)

B) Thermal analysis of PANI-ES and PANI-JDF-L1 nanocomposite:
Pure PANI-ES shows three temperature regions of the weight loss
process as shown in figure 5(a). The first weight loss (43.16% ) at
about 150 oC and it has been attributed to the evaporation of
water moieties (the endothermic effect). The second weight loss is
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(11.6%) at range 150-300 oC and it has been explained by the
elimination of acid dopant (HCI). The third and major weight loss
process (18%) at 550 oC, and it has been assigned to the thermal
decomposition of PANI backbone chains [13,14]. In this stage,
pure PANI loses the majority of its weight, on contrast to PANI-
JDF-L1 nanocomposite which showed better thermal stability and
retaining (78 %) of its initial mass at 570 oC shows that figure
5(b). Hence, the shifting of TDTA in PANI-JDF-L1
nanocomposite confirms that PANI-JDF-L1 nanocomposite is
more thermally stable shows that figure 6, which is due to the
interaction between the positively charged nitrogen of the
anilinium moiety and the negatively charged surface of the JDF-

L1 layer. This behavior confirms PANI/JDF-L1 nanocomposite
good thermal stability .
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Figure 5. TG-DTA curves of (a) pure PANI-ES
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Figure 5. TG-DTA curves of (b) PANI-JDF-L1 nanocomposite

3.5. Electrical Conductivity Measurements

Figure 6 shows the temperature dependence of dc-conductivity (o
dc) for JDF-L1, PANI-ES and PANI/JDF-L1 nanocomposite in a
temperature range between 300 and 700 K. The nanocomposite
with 13.4 wt% loading of PANI-ES in JDF-L1 was prepared. The
room temperature conductivity of PANI-ES and PANI/JDF-L1
nanocomposite was found to be 0.98 Scm—1, 4.9x10—4 Scm—1,
respectively. Initially there is an increase in conductivity followed
by a decrease. This dip in electrical conductivity may be due to the
loss of moisture, since the conductivity depends on the moisture
content. It is noted that the dc conductivity of the nanocomposite
decreases with a decrease in temperature, indicating typical
semiconducting behavior [3, 24]. The decrease in conductivity of
nanocomposite after 155 Co ( Transition Temperature (Tt) ), which
is attributed to the release of the do pant ions from the PANI
structure [25], as confirmed by thermal analysis.
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Figure 6. Effect of temperature on the conductivity of: (a) PANI-ES, and
(b) 13.4 wt% PANI/JDF-L1 nanocomposite

Conclusion :

We have successfully prepared a PANI/JDF-L1 nanocomposites.
The PANI/JDF-L1 nanocomposites were prepared by in situ
polymerization of aniline using ammonium peroxodisulfate as an
oxidizing agent within the layers of JDF-L1. The PANI/JDF-L1
nanocomposites were characterized for its structural, spectral,
thermal, and electrical properties as follows:

. The XRD formation of the nanocomposite is affected by
the PANI concentrations. At 8.6 wt% loading of PANI, No
exfoliation was observed, whereas at 13.4 wt% loading of PANI,
layered structure of nanocomposite breaks forming exfoliated
nanocomposite due to pressure exerted by the intercalated PANI .

. FT-IR and UV-Vis analysis confirm that there are chemical
interactions between PANI-ES and JDF-L1, and the optical band
gap energy was found to be 4.77 eV.
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. TGA-DTA analysis result suggest that the PANI/JDF-L1
nanocomposite is thermally more stable than the pure PANI .

. The conductivity of nanocomposite was found to be in the
semiconducting range. The room temperature conductivity of the
nanocomposite was found to be 4.9 x 10—4 Scm—1 at 13.4 wt%
loading of PANI in JDF-L1 .

We recommend for future work to enhancement the conductivity
of PANI/JDF-L1 nanocomposite .

Abbreviations Definitions
DTA Differential Thermal Analysis
FT-IR Fourier Transforms Infra Red spectroscopy
JDF-L1 Jilin Davy Faraday-Layered solid #1
PANI Poly aniline
PANI-ES Polyaniline-Emeraldine Salt
PANI/JDF-L1 Polyaniline/Clay
UV-VIS Ultra violet-Visible
TGA Thermo Gravimetric Analysis
XRD X-Ray Diffraction
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ABASTRACT:

Since generating a textile composite lamina with variable stiffness
is possible now by steering tows, modeling the variation in the
orientation of tows as exactly as possible is a clamant need for
more realistic estimation of the stiffness and loading carrying
capacities of textile composite laminate. A Matlab numerical
‘Steered-Tow' code was modified from an existed Matlab code
Varifab created by the author [88] to model the variation in the
tows orientation angles that generated from steering a woven
engineering fabric. The modification was taken place in the
Varifab algorithm. The new code is able to reproduce a finite
element mesh with different shear angle in each single element.
The generated mesh is suitable for further finite element
simulation to investigate and take general view about the role of
steered-tows on alteration of textile composite stiffness within a
lamina. Using a simple try and error method the variation in tows
due to steering was successfully model in a finite element code by
‘Steered Tows' code.

Keywords: Steered-tow, Varifab, FE mesh, fabric varibility, mesh
generation, woven fabric, textile composite, local stiffness

INTRODUCTION:

The second largest market after wind energy is predicted to be
advanced composite market. However, the high cost of production
and unit production of their products is still the major barrier that
prevent it from spreading and broader development.

One important factor of reducing emissions of fuel combustion
from vehicles is by replacing ordinary used relatively heavy
vehicles with light weight ones that produced from advanced
composite material. Accordingly, saving our environment and fuel
resources is a significant economic and environmental feasibility
issues to take in account by manufacturing products from
composite materials.

Introducing mass  production into composite  material
manufacturing is the key element of reducing costly composite
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material product. This would not be achievable unless automation
of all 2D and 3D composite material design and manufacturing
processes take place. Design and manufacturing processes of
composite materials and their products are a chain of a number of
rings. Examples of those rings include 1) Design processes include
actual and numerical modeling processes. 2) Manufacturing
processes of composite material such as hand layup, vacuum
infusion, vacuum bagging, pultrusion, filament winding, deep
drawing, press forming and.... ext.

The manufacturing and design processes of composite material is a
chain with many rings and automating those processes in order to
reduce cost have passed with several attempts.

In the past, design procedures were based on empirical trial and
error methods. Those methods rely on designers' skills. By
adopting those procedures not likely to obtain ideal design from
first try which means consume more time, money and efforts.
Thus, replacing those procedures with new faster, economical and
less efforts is a vital necessitate. Finite element method is a
numerical method of simulation used by many researchers in
forming process modeling. This method can eliminate or even
reduce the costly and time consuming in developing forming tools
(die, punch and blank-holder). It is also a reliable computation tool
used as a means of products quality improvement and to eliminate
the dependency on employee's ability and to analyze a variety of
composite forming processes.

In order to obtain a predictable design process of advanced
composite forming, a sophisticated method such as finite element
method is required. Finite element method gives approximate
numerical solution. Though, the given approximate solution can be
amended to reduce the error between the exact and approximate
solution to a considerable percentage. That can be done by taking
into account a number of constituents. Examples of those
constituents are reliable constitutive model, reliable friction
representative-model, and realistic full-domain textile variability
model. Many attempts were performed by researchers in this field.
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The first attempts to model the an-isotropy behavior in textile
composite forming in large deformation condition, performed
using kinematic pin-jointed model [1-10]. Despite the fact
kinematic approach is comparatively realistic in terms of
anisotropy modeling, it is computationally very expensive. The
less computationally expensive approach is continuum approach.
In which the textile composite lamina is considered as a continuum
i.e. one material. The preference of using continuum approach
owing to the potentiality of utilizing structural elements in
modeling textile composite. The second reason is because a
continuum approach need less computational time than the
kinematic approach [11-21].

Most of researchers use Coulomb's Law of Friction which a simple
friction model, in modeling 'tool-ply" and 'ply-ply' friction in textile
composite material forming process. However, in the way of
constructing a dependable numerical design prototype, various
researches have been carried out in this course. From those
researches a practical and analytical friction models were built
which can be implemented in finite element software to construct
realistic forming predictions [22-38].

Textile composite material is sensitive soft material which
handling and forming process can be a major cause of making
variability i.e. the yarns became no more straight. This variability
effect negatively the forming processes and characterization tests.
To understand and predict the behavior of materials and
applications in such case successful efforts to develop numerical
tools have taken place. Efforts to determine fiber path on three
different crimp fabrics and one non-crimp fabric have been taken
place using spectrum image processing method [39, 40].
Experimental methods have also been built-up for measuring fiber
driftage in simple and advanced composite [41-43]. Another image
processing method has been developed for investigating fiber
drifting throughout a woven prepare using Fourier transform for
first tow edge detection and image correlation for improve the
results [43]. In early 2012 researchers developed a spectrum
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technique based on shadow and light reflecting to show the tows
crossover as black points. Fiber drifting can be measured In this
technique by searching for the neighboring black point using
build-in new innovated algorithm [42]. In March 2012 the author
investigated the variability of yarn path in different types of fabrics
and developed a Matlab code able to produce FE meshes from the
statistical information obtained from the statistical characterization
of fabrics variability.

In investigating the validity, efficiency and limitation of the
numerical modeling approaches that are used in modeling textile
composite under forming, researchers have utilized different
geometries such as a: hemisphere [15, 44-53], double-dome [54-
62] , pilot helmet [63-65], cylinder [66-68], car hood [69] , cone-
shapes [70], aerospace part [71] , tetrahedron [72], square box
[73], an industrial complex part [74], a helicopter part [75], and
complex multi-cavity part [45]. All the geometries contain double
curvatures providing useful case studies in exploring the potential
and limitations of different constitutive models under different
forming conditions. Particularly extensive numerical and
experimental studies have been carried out using hemispherical
and double dome geometries [15, 44-61]. Much of the recent
benchmarking work concentrates on using the double dome
geometry [54-62] due to some advantages of this geometry over
the previous hemisphere benchmark geometry.

'localized stiffness laminate’, 'steering fiber laminate' or ‘'variable
stiffness composite panel' is a sophisticated tool for its several
advantages over laminates with straight fiber. Laminates used in
many aerospace structures and a cutouts need to be made for
propose of joining and connecting. Notches, holes, cutouts all of
these lead to stress concentration around the perimeters. Many
ways have been innovated to reduce or even terminate stress
concentration (fillet, curves and ext.). However in top of obtaining
a laminate with variable distributed-stiffness, steering fiber within
a laminate can lead also to increase compressive strength and
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resistance to buckling, reduced weight, reduced stress gradients
and improved damage tolerance [76,77].

The importance and the advantage of using steered fiber composite
is increasing buckling load, improving tensile strength and
attaining variable stiffness. Changing fiber or tow from ideal
straight direction to curvilinear is the key factor of relocation the
loads away from stress concentrations (holes, notches, sharp edges
....etc.).

Altering a composite panel in-plane and transverse mechanical
properties according to the service requests, where requests is two
opposite aspects; minimizing weight or maximizing stiffness.
Typically changing number and type of laminate composite plies is
a mean cause of increasing or decreasing laminate strength and
stiffness.

Moreover, the number of laminas with different fibers or tows
directions is the major basis of altering in-plane laminate
mechanical properties. Whereas, laminas stacking sequence and
reinforcement and matrix type are the accountant of effecting the
bending properties.

The orientation angle in which commonly used composite
laminates is regularly maintained as it. Conversely, laminas
stacking sequence is different from laminate to laminate according
to the given performance requirements. According to research
results of long period of time, changing laminate stiffness is
possibly accomplished by one of these two processes; number of
plies and layers stacking sequence, while changing localized in-
plane ply stiffness by altering the fiber direction from linear to
curvilinear.

Early in composite material industry, when composite material
was produced by manual processes such as hand layup and spry
up, unidirectional composite laminate normally fabricated with 0,
90, +45 orientation angles. Because, it was uneasy to fabricated
with orientation angle rather than that. Lately, bidirectional plies
which called advanced composite material or textile composite
substituted the unidirectional composite to improve coherence
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ability. Employ those 0, 90, +45- orientation angles merely is
insufficient for loading directions rather than 0, 90°, +£45-,
The key element of increasing stiffness of composite laminate is
by increasing their thickness and that being possible by increasing
the number of plies or by changing plies stacking sequence.
Moreover, introducing automation in composite manufacturing
processes eased setting fiber orientations angles other than
ordinary used orientation angles 0°, 90° and +45¢°. Including fiber
orientation angles other than the ordinary used fiber angles 0°, 90°
and +45° need to change design customary in composite laminate
industries. The motivation after changing composite design
customary must be extremely promising such as improving their
mechanical properties or decreasing weight. The new class of
composite laminate is that consists of plies that have different fiber
orientation resulted in a variable local stiffness within each ply.
Composite laminate with localized stiffness ‘variable-stiffness' turn
out to be ordinary with Automated Fiber Placement (AFP)
technology since the variable stiffness of composite lamina and its
mechanical properties depends significantly on the layout of fiber
or yarns within a ply.

The most important constituent in composite laminate with
localized stiffness is individual fiber or in yarn that laid in a wavy
path within a ply which play substantial role in optimizing local
stiffness. Developing FEA tools which can predict this inherent
variability is vital in order for designers to make informed
decisions in material selection and in allowing more accurate
safety factors without the need for destructive testing. Developing
CAE tool that implement curvilinear fiber layout within a FE mesh
and then used in FE composite laminate simulation is a key factor
for providing inclusive knowledge to engineers about local
mechanical properties (stiffness and strength), buckling load as
well as the thermal properties which depends typically on local
fiber orientation.

This means that a suitable kinematic code can be used to predict
the required perimeter displacements to produce a desired full-field
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steered fiber pattern across the sheet. Such a code need to be
developed, though here the aim was to generate finite element
meshes containing realistic fiber directional variability, typical of
commercial materials when taken ‘off-the-role’. To achieve this
realistic variability, a simple genetic algorithm needs to be used to
mutate the parameters of the mesh-generation algorithm until the
final mesh had

The ability to produce steered-fiber laminates containing non-
linear fiber paths creates a step change in the design space for
advanced composite structure. The designer is able to reposition
stress concentrations away from holes and inserts, improve a
laminate's resistance to buckling and failure, and to enhance a
laminate's dynamic response to vibrations. Ultimately this can lead
to tighter, more optimized structures for use in the automotive
sectors, enhancing fuel efficiency and contributing to the cost and
lower emissions across the transport sector. The aim of the
proposed project is to implement and demonstrate a novel and
disruptive manufacture process that can produce low-cost high-
quality steered-fiber laminates, without use of expensive, capital
intensive automated fiber placement machines (the current
solution). The new process is best described as 2-D forming; in
order to support this novel manufacture process, a custom-
designed suite of computer aided design and manufacture software
will be developed. Computational tools for digital manufacturing
are essential if 2-D forming is to be successfully achieved without
including severe wrinkling and buckling of the deforming biaxial
sheet. Reducing cost will effectively bring fiber-steering
technology to a border range of applications, increasing its
economic impact and bringing new manufacturing capabilities to a
wider industrial base, with the UK leading the way in this
important area of manufacturing.

LITRUTURE REVIEW:
K. Chauncey Wu designed tow-steered course for fiber placement
machine using a simple approach. The approach based on defining
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a circular arc with constant radius I" with an angle 60=10° at the
head of the arc and another angle 01=45° at the tale of the arc. As a
final point, the circular arc is mapped about the circumferential
and axial axes to form the whole configuration of fiber course. If
the paths are strongly curved, adjacent courses will overlap at
certain points in the structure. These overlaps can either be
allowed to occur (providing a build-up in the local laminate
thickness), or tow cutters can be used to adaptively “drop” portions
of the current course being laid down on the surface, to maintain a
uniform thickness. For all of the results given in this report, the
latter situation is assumed. Wu assumed a steering fiber concept
that take in account two fiber angles at the wing root and at the
wing tip with a nonlinear difference between the two angle points
which results in curves starts from 0° and 90°. However, the fiber
placement cause tows overlaps in certain positions. The drawback
of overlaps is increasing the lamina thickness at overlaps which
leads to weight increase. On the other hand, a tow cutter used to
cut the overlaps which insure an equal thickness a cross the
lamina.

Bret and Christine come up with a parallel path strategy that
creates paths insure the angles on the paths to be equal along the
diagonal while the angles along the horizontal and vertical lines of
different paths not have same angle. This technique construct a
distributed fiber orientation and stiffness in X’ and y’ direction.
Besides they utilized a shifted ply strategy which based mapping a
reference fiber path with constant distance along y axes

Gurdal et. al. used a fiber orientation function to define a fiber
paths across a plate. To allocate the fiber tows a first fiber
orientation angle starts from the origin of the plate and a second
fiber orientation angle ended at half distance of the plate's width.
To insure symmetry the path of the fibers mapped with equal
distances along y axes at x=0.

Huang et. al. used unique approach to altering fiber orientation
around a hole in composite plate. They vary the fiber orientation
angles around the hole by continuous bilinear interpolation
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function. They found that, increasing the load carrying capacity of
six layers composite plate with orientation angles varied with
continuous bilinear interpolation function around the plate's hole
with 100%.

Varying fiber orientations of 3D cylindrical composite geometry
for obtaining a maximum buckling load was carried out [82]. They
used a cosine function to define a single fiber reference path with
varied orientation angles. The reference path then distributed with
equal distances across the whole curved area of the cylinder.
Fayazbakhsh et. al. used a similar method that adopted [82] to
define and allocate a reference fiber path and then shifted to cover
the entire 3D truncated cone geometry.

Finite element modeling of the variation of fiber orientation in
each element was performed by assigning an angle in each centre
of element. That has been performed by considering the orientation
of any coordinate over the mesh as a function of y axes (see
equation 6 in [84]). In fact the fiber path is curvilinear that
modeled using four non-linear function (1- geodesic paths, 2-
constant angle paths, 3- paths with a linearly varying fiber angle,
and 4- paths with a constant curvature). However the fiber
orientation is linear in each element and has different orientation
when the size of element is as small as possible [84].

Tanut and Baier used B-spline method to create a constant and
perturbed control point to be a nuclei for the distributed steered-
tow path with varied orientation angles.

Schueler et. al. and Gurdal et. al. (2008) have also use fiber placed
composite plate to investigate the effect of steering fiber technique
on composite stiffness and buckling loading capacity. The
technique he used to steer the fiber is by creating two points say
one at origin coordinate and one at the right tip of the plate. The
curve in between the two points formed by allocating a non-linear
perturbation along x axis (see equation 2 in Schueler et. al..

Lopes et. al. (2010) have modeled composite steered-fiber panels
with hole at the center. They used finite element modeling method
to assign each orientation angle in 5 mm 'sub-region' ( four node
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shell finite element) using simple algorithm based on the right and
left most angles and fiber directions in the sub-region.

The propose of the contemporary effort is to innovate a Matlab
code that generate a hybrid finite element mesh with orientation
angles that inherent in steered-tows engineering fabrics. The
produced finite element mesh can be utilized in further finite
element simulations.

MATERIAL AND METHOD:

One engineering fabric have been analyzed in this investigation. a
plain weave glass fabric (weft tow width =2.18 mm +/- 0.038 mm
mm, warp tow width =2.12 +/- 0.052mm). The glass fabric was
analyzed after taking directly ‘off the roll’. In order to obtain of an
engineering fabric with steered-yarns, a 300 mm glass fabric sheet
was deformed bio-axially from eight locations on sheet's perimeter
(see Figure 1). An optimized steered-fabric is possible to obtain by
applying a tension load (on the eight position shown in Figure 1)
with different values. The magnitude of the applied loads depends
on the shape of steered-fabric desired and locations of the stiffness
variations.

Figure 1. A 300 mm glass engineering fabric manipulated manually to
demonstrate the steered-fabric.

Modelling a finite element mesh with orientation angles identical
to the statistical distribution of steered-tows engineering fabric is a
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step on the way of building a predictable design instrument to
predict the behaviour (variable stiffness) of composite laminates.
A novel computer aided manufacturing Matlab code that generated
a finite element mesh with steered-tows has been innovated by
modifying an existing Matlab code (VariFab [88]) developed by
the author.

Measuring the orientation angle of each unit cell result from a
manual deformation of an engineering glass fabric (Figure 1) has
been performed using imageJ software [89]. That orientation
angles of the glass engineering fabric have been used as input data
to the steered-tows software to generate a finite element mesh with
orientation angles identical to the orientation angles in the
engineering glass fabric (Figure 2 -a and 2-b).

Figure 2. (a) An image of a mutually constrained mesh of membrane and
truss elements of steered fibre and (b) An image of a square piece of
fabric deformed manually to obtain the pattern of steered fibre lamina.

IMPLEMENTATION STEERED-TOW MODEL.:

VariFab code [88] that developed by the author has been modified
to convey the steered-tow inherent in manipulated real engineering
fabric into hybrid finite element mesh [90, 91]. The length of the
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perturbed horizontal diagonal of each unit cell and the length of
the perturbed vertical diagonal is determining from the modified
Egs. (1-5).

inc=2n/(n—1) (1)

t =0, inc, 2inc, 3inc, ........ 27 2

&ep1 = —0.0032 * t34+ 0.0505 * t.2— 0.2577 *t + 0.7057 (3)

zan = Hy* e (4)
2_ .2
2= |5 (B[]

where A the element length, u, the horizontal diagonal length, a,
is the length of the x-component of the horizontal diagonal of
element n and similarly b, is the length of the y-component of the
vertical diagonal of element n, k is the number of elements. &, is
an equation produce an array defined by Eq (3) and t variable as
function in equationg,,, and it increased with values from 0 to 2.
For more details about modeling algorithm refer to [88].

GENERATING OF STEERED-TOWS MESH:

Generating steered-tows finite element mesh with identical
orientation angles distribution that obtained in real manipulated
glass engineering fabric has been reproduced by try and error
method. The method based on inputting parameters (steered-tows
code's parameters) and change their values until attain the required
mesh (Figure 3 illustrates the orientation angles distribution of (b)
real fabric and (a) predicted finite element mesh. Good agreement
is obtained between the two methods (see Figure 3- c). However,
this try and error method is a very tedious, time and effort
consuming method. In near future I am going to use Genetic
algorithm method to get reasonable and faster converge between
the orientation angles of the real fabric and finite element mesh.
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Figure 3. (a) Image of steered-tows mesh with same distribution as

that in figure (b) the real glass engineering fabric manipulated, (c)

Comparison the orientation angles distribution of the manipulated
real engineering fabric (a) with the finite element mesh (b)

Acknowledgment:

The authors wish to thank Engineering and Physical Sciences
Research Council for the feasibility study grant ‘Low-cost

manufacture  of  high-quality  steered-fibre = laminates’,
(EP/1033513/1)".

262 Copyright © ISTJ 4% ghaa akal) (3 g8a
wu ?3""“ @3.\1\ M



International g ok 4050 iy

Science and Technology Journal Volume 24 2l R —— ) Q
il el Al Al January 2021 I S T .J /'\
REFERENCES:

[1] P. Boisse, A. Gasser, B. Hagege, and J. L. Billoet,
"Analysis of the mechanical behavior of woven fibrous
material using virtual tests at the unit cell level,” Journal of
materials science, vol. 40, pp. 5955-5962, 2005.

[2] D. Laroche, T. Vu-Khanh, I. Industrial Materials, and i.
Institut des matériaux, Modelling of the forming of
complex parts from fabric composites. Boucherville,
Québec: Industrial Materials Institute, National Research
Council of Canada, 1991.

[3] P. Boisse, N. Hamila, F. Helenon, B. Hagege, and J. Cao,
"Different approaches for woven composite reinforcement
forming simulation,” International journal of material
forming, vol. 1, pp. 21-29, 2008.

[4] I. Verpoest and S. V. Lomov, "Virtual textile composites
software WiseTex: Integration with micro-mechanical,
permeability and structural analysis,” Composites Science
and Technology, vol. 65, pp. 2563-2574, 2005.

[5] M. Sherburn, "TexGen v2," v2 ed, 2007.

[6] M. Sherburn, "TexGen v3," v3 ed, 2007.

[7] G. Hivet, J. Launay, A. Gasser, J. L. Daniel, and P. Boisse,
"Mechanical behavior of woven composite reinforcements
while forming,” Journal of Thermoplastic Composite
Materials, vol. 15, pp. 545-555, 2002.

[8] M. Komeili and A. Milani, "The effect of meso-level
uncertainties on the mechanical response of woven fabric
composites under axial loading,” Computers & Structures,
2011.

[9] P. Boisse, N. Hamila, P. Wang, S. Gatouillat, S. Bel, and
A. Charmetant, "COMPOSITE REINFORCEMENT
FORMING SIMULATION: CONTINUOUS AND
MESOSCOPIC APPROACHES."

[10] H. Lin, M. J. Clifford, A. C. Long, and M.
Sherburn, "Finite element modelling of fabric shear,"

263 Copyright © ISTJ 4B ghaa okl (G48a
;\mb ?3""“ @3.\1\ M



International g ok 4050 iy
Science and Technology Journal Volume 24 2 tsans eenr o Teekasng Joursl

il agil Al L January 2021 A I S TIJ /&

Modelling and Simulation in Materials Science and
Engineering, vol. 17, p. 015008, 2008.

[11] G. E. Mase, Schaum's outline of theory and
problems of continuum mechanics / by George E. Mase. :
New York : McGraw-Hill, ¢1970, 1970.

[12] Y. Aimene, E. Vidal-Salle, B. Hagege, F. Sidoroff,
and P. Boisse, "A hyperelastic approach for composite
reinforcement large deformation analysis,” Journal of
Composite materials, vol. 44, pp. 5-26, 2010.

[13] G. A. Holzapfel, "Nonlinear solid mechanics: a
continuum approach for engineering," 2000.
[14] X. Peng, Z. Guo, and P. Harrison, "A simple

anisotropic fiber reinforced hyperelastic constitutive model
for woven composite fabrics,” International journal of
material forming, vol. 3, pp. 723-726, 2010.

[15] E. Vidal-Salle, Y. Aimene, and P. Boisse, "Use of a
hyperelastic constitutive law for dry woven forming
simulations,” AIP Conference Proceedings, vol. 1353, pp.
883-888, 2011.

[16] P. Boisse, Y. Aimeéne, A. Dogui, S. Dridi, S.
Gatouillat, N. Hamila, M. Aurangzeb Khan, T. Mabrouki,
F. Morestin, and E. Vidal-Sallé, "Hypoelastic, hyperelastic,
discrete and semi-discrete approaches for textile composite
reinforcement forming,” International journal of material
forming, vol. 3, pp. 1229-1240, 2010.

[17] P. Xue, X. Peng, and J. Cao, "A non-orthogonal
constitutive model for characterizing woven composites,”
Composites Part A: Applied Science and Manufacturing,
vol. 34, pp. 183-193, 2003.

[18] X. Peng and J. Cao, "A continuum mechanics-based
non-orthogonal constitutive model for woven composite
fabrics,” Composites Part A: Applied Science and
Manufacturing, vol. 36, pp. 859-874, 2005.

[19] W.-R. Yu, P. Harrison, and A. Long, "Finite
element forming simulation for noncrimp fabrics using a

264 Copyright © ISTJ 4B ghaa okl (G48a
;\mb ?3""“ @3.\1\ M



International g ok 4050 iy
Science and Technology Journal Volume 24 2 tsans eenr o Teekasng Joursl

il agil Al L January 2021 A I S TIJ /&

non-orthogonal constitutive equation,” Composites Part A:
Applied Science and Manufacturing, vol. 36, pp. 1079-
1093, 2005.

[20] W. R. Yu, F. Pourboghrat, K. Chung, M.
Zampaloni, and T. J. Kang, "Nonorthogonal constitutive
equation for woven fabric reinforced thermoplastic
composites,” Composites Part A: Applied Science and
Manufacturing, vol. 33, pp. 1095-1105, 2002.

[21] P. Harrison, M. Clifford, A. Long, and C. Rudd, "A
constituent-based predictive approach to modelling the
rheology of viscous textile composites,” Composites Part
A: Applied Science and Manufacturing, vol. 35, pp. 915-

931, 2004.

[22] P. Morgan, Carbon fibers and their composites vol.
27: CRC, 2005.

[23] (19Sep2012).
http://www.shopmaninc.com/epoxy.html

[24] (29May2012).
http://bateau2.com/howto/cure_times.php

[25] S. Sandler, W. Karo, J. Bonesteel, and E. Pearce,

"Polymer synthesis and characterization: a laboratory
manual. 1998," ed: San Diego: Academic Press.

[26] [26] F. C. Campbell Jr, Manufacturing processes for
advanced composites: Elsevier Science, 2003.
[27] (20Sep2012).

http://scholar.lib.vt.edu/theses/available/etd-
42198113329/unrestricted/chl.pdf

[28] D. Mann, Automotive Plastics & Composites-
Worldwide Markets & Trends to 2007: Elsevier Science &
Technology, 1999.

[29] C. Maier and T. Calafut, Polypropylene: the
definitive user's guide and databook: William Andrew,
1998.

[30] TORAYCA®. (2010, 22 Sep 2012).
EXPLANATION OF PRODUCT CODE. Available:

265 Copyright © ISTJ 4B ghaa okl (G48a
;\mb ?3""“ @3.\1\ M



International g ok 4050 iy
Science and Technology Journal Volume 24 2 tsans eenr o Teekasng Joursl

il agil Al L January 2021 A I S TIJ /&

http://www.toraycfa.com/pdfs/ExplanationofProductCode.

pdf

[31] K. Friedrich, S. Fakirov, and Z. Zhang, Polymer
composites: from nano-to macroscale: Springer, 2005.

[32] X. Li, Y. Shimizu, A. Pyatenko, H. Wang, and N.

Koshizaki, "Tetragonal zirconia spheres fabricated by
carbon-assisted selective laser heating in a liquid medium,"
Nanotechnology, vol. 23, p. 115602, 2012.

[33] (29May2012).
www.bolton.ac.uk/codate/spguidetocomposites.pdf.

[34] (29May2012).
http://www.advancedcomposites.co.uk/data_catalogue/cata
logue%?20files/sm/SM10 10-
INTRO%20T0%20ADV%20COMPS-Rev06.pdf.

[35] T.-W. Chou, Microstructural design of fiber
composites: Cambridge University Press, 2005.

[36] J. Wang, "Predictive modelling and experimental
measurement of composite forming behaviour,” University
of Nottingham, 2008.

[37] J. R. Thagard, "Investigation and development of
the resin infusion between double flexible tooling (RIDFT)
process for composite fabrication,” 2003.

[38] A. Willems, "Forming simulation of textile
reinforced composite shell structures,” PhD, Faculteit
Ingenieurswetenshapen  Arenbergkasteel,  Katholieke
Universiteit Leuven, Leuven Leuven, 2008.

[39] [39] A. Endruweit, A. C. Long, F. Robitaille, and C.
D. Rudd, "Influence of stochastic fibre angle variations on
the permeability of bi-directional textile fabrics,”
Composites Part A: Applied Science and Manufacturing,
vol. 37, pp. 122-132, 2006.

[40] A. Endruweit, Long, A., Robitaille, F., and Rudd,
C., "Dependence of permeability variations on the textile
structure,” presented at the Proc. 11th ECCM, Euro. Conf.
Comp. Mat, Rhodes, Greece, 2004.

266 Copyright © ISTJ 4B ghaa okl (G48a
;\mb ?3""“ @3.\1\ M



International g ok 4050 iy

Science and Technology Journal Volume 24 2l P ———

A astall Aglsal) Asnal) January 2021 s\ I S T .J /&

[41] C. Creighton, M. Sutcliffe, and T. Clyne, "A
multiple field image analysis procedure for characterisation
of fibre alignment in composites,” Composites Part A:
Applied Science and Manufacturing, vol. 32, pp. 221-229,
2001.

[42] J. Gan, S. Bickerton, and M. Battley, "Quantifying
Variability within Glass Fiber Reinforcements using an
Automated Optical Method," Composites Part A: Applied
Science and Manufacturing, 2012.

[43] A. A. Skordos and M. P. F. Sutcliffe, "Stochastic
simulation of woven composites forming,” Composites
Science and Technology, vol. 68, pp. 283-296, 2008.

[44] H. Lin, J. Wang, A. Long, M. Clifford, and P.
Harrison, "Predictive modelling for optimization of textile
composite forming," Composites Science and Technology,
vol. 67, pp. 3242-3252, 2007.

[45] M. Duhovic, P. Mitschang, and D. Bhattacharyya,
"Modelling approach for the prediction of stitch influence
during woven fabric draping,” Composites Part A: Applied
Science and Manufacturing, vol. 42, pp. 968-978, 2011.

[46] P. Badel, S. Gauthier, E. Vidal-Sallé, and P. Boisse,
"Rate constitutive equations for computational analyses of
textile composite reinforcement mechanical behaviour
during forming," Composites Part A: Applied Science and
Manufacturing, vol. 40, pp. 997-1007, 2009.

[47] F. Abbassi, I. Elfaleh, S. Mistou, A. Zghal, M.
Fazzini, and T. Djilali, "Experimental and numerical
investigations of a thermoplastic composite (carbon/PPS)
thermoforming,” Structural Control and Health Monitoring,
vol. 18, pp. 769-780, 2011.

[48] L. Dong, C. Lekakou, and M. Bader, "Processing of
composites: simulations of the draping of fabrics with
updated material behaviour law,” Journal of Composite
Materials, vol. 35, pp. 138-163, 2001.

Copyright © ISTJ 4B ghaa okl (G48a
;\mb ?3""“ @3.\1\ M



International g ok 4050 iy

Science and Technology Journal Volume 24 2l R —— ) Q
il gl Ay Ll January 2021 IST .J /\
[49] J. S. Lee, S. J. Hong, W.-R. Yu, and T. J. Kang,

"The effect of blank holder force on the stamp forming
behavior of non-crimp fabric with a chain stitch,”
Composites Science and Technology, vol. 67, pp. 357-366,
2007.

[50] X. Peng and F. Ding, "Validation of a non-
orthogonal constitutive model for woven composite fabrics
via hemispherical stamping simulation,” Composites Part
A: Applied Science and Manufacturing, vol. 42, pp. 400-
407, 2011.

[51] S. Sadough, F. Biglari, M. Shirani, and A. Agahi,
"Reinforced thermoplastic sheet composite deep drawing
investigation."

[52] A. A. Skordos, C. Monroy Aceves, and M. P.
Sutcliffe, "A simplified rate dependent model of forming
and wrinkling of pre-impregnated woven composites,”
Composites Part A: Applied Science and Manufacturing,
vol. 38, pp. 1318-1330, 2007. 231

[53] K. Vanclooster, S. V. Lomov, and |. Verpoest,
"Simulation of multi-layered composites forming,"
International Journal of Material Forming, vol. 3, pp.
695698, 2010.

[54] W. Lee, M. K. Um, J. H. Byun, P. Boisse, and J.
Cao, "Numerical study on thermostamping of woven fabric
composites based on double-dome stretch forming,"
International Journal of Material Forming, vol. 3, pp. 1217-
1227, 2010.

[55] K. Vanclooster, S. V. Lomov, and |. Verpoest,
"Experimental validation of forming simulations of fabric
reinforced polymers using an unsymmetrical mould
configuration,” Composites Part A: Applied Science and
Manufacturing, vol. 40, pp. 530-539, 2009.

[56] M. A. Khan, T. Mabrouki, E. Vidal-Salle, and P.
Boisse, "Numerical and experimental analyses of woven
composite reinforcement forming using a hypoelastic

268 Copyright © ISTJ 4B ghaa okl (G48a
;\mb ?3""“ @3.\1\ M



International g ok 4050 iy

Science and Technology Journal Volume 24 2l P ———

A astall Aglsal) Asnal) January 2021 s\ I S T .J /&

behaviour. Application to the double dome benchmark,"
Journal of materials processing technology, vol. 210, pp.
378-388, 2010.

[57] P. Harrison, P. Gomes, R. Correia, F. Abdiwi, and
W. Yu, "Press forming the double-dome benchmark
geometry using a 0/90 uniaxial cross-ply advanced
thermoplastic composite,” 2012.

[58] M. A. Khan, T. Mabrouki, S. Gauthier, E. Vidal-
Salle, and P. Boisse, "Preforming simulation of the
reinforcements of woven composites: continuous approach
within a commercial code,” International Journal of
Material Forming, vol. 1, pp. 879882, 2008.

[59] X. Peng and Z. U. Rehman, "Numerical Simulation
of Textile Composite Stamping On Double Dome," in AIP
Conference Proceedings, 2011.

[60] K. Vanclooster, S. V. Lomov, and I. Verpoest,
"Simulating and validating the draping of woven fiber
reinforced polymers,” International Journal of Material
Forming, vol. 1, pp. 961-964, 2008/04/01 2008.

[61] A. Willems, S. Lomov, D. Vandepitte, and 1.
Verpoest, "Double dome forming simulation of woven
textile composites," in Proceedings of the 9th ESAFORM
conference on material forming. Publishing House Akapit,
Poland, 2006, pp. 747750.

[62] A. Willems, S. Lomov, I. Verpoest, D. Vandepitte,
P. Harrison, and W. Yu, "Forming simulation of a
thermoplastic commingled woven textile on a double
dome," International Journal of Material Forming, vol. 1,
pp. 965-968, 2008.

[63] H. Lin, A. Long, M. Clifford, J. Wang, and P.
Harrison, "Predictive FE modelling of prepreg forming to
determine optimum processing conditions,” in AIP
Conference Proceedings, 2007, p. 1092.

[64] A. Long, A. A. Skordos, P. Harrison, M. Clifford,
and M. P. Sutcliffe, "Optimisation of Sheet Forming for

Copyright © ISTJ 4B ghaa okl (G48a
;\mb ?3""“ @3.\1\ M



International g ok 4050 iy

Science and Technology Journal Volume 24 2l P ———

A astall Aglsal) Asnal) January 2021 s\ I S T .J /&

Textile Composites using variable Peripheral Pressure,"
presented at the 27th International Conference SAMPE
EUROPE Paris, France, 2006.

[65] S. Sharma and M. Sutcliffe, "Draping of woven
fabrics: Progressive drape model," Plastics, rubber and
composites, vol. 32, pp. 57-64, 2003.

[66] P. Boisse, N. Hamila, E. Vidal-Sallé, and F.
Dumont, "Simulation of wrinkling during textile composite
reinforcement forming. Influence of tensile, in-plane shear
and bending stiffnesses,” Composites Science and
Technology, vol. 71, pp. 683692, 2011.

[67] N. Hamila, P. Wang, E. Vidal-Sallé, and P. Boisse,
"Simulation of Forming and Wrinkling of Textile
Composite  Reinforcements,” in  AIP  Conference
Proceedings, 2011, p. 942,

[68] P. Wang, N. Hamila, and P. Boisse, "Numerical
simulation of multi-layered textile composite reinforcement
forming,” in AIP Conference Proceedings, 2011, p. 918.

[69] A. Cherouat and H. Borouchaki, "Present State of
the Art of Composite Fabric Forming: Geometrical and
Mechanical Approaches,” Materials, vol. 2, pp. 18351857,
2009.

[70] J. Wiggers, "Analysis of textile deformation during
preforming for liquid composite moulding,” University of
Nottingham, 2007.

[71] N. Burnford, "Development of Drape Simulation
Software and the Optimisation of Variable-Length
Textiles," 2011.

[72] N. Hamila, P. Boisse, F. Sabourin, and M. Brunet,
"A semi-discrete shell finite element for textile composite
reinforcement forming simulation,” International Journal
for Numerical Methods in Engineering, vol. 79, pp. 1443-
1466, 2009.

[73] Q. Chen, P. Boisse, N. Hamila, A. Saouab, C. Park,
and J. Bréard, "A finite element method for the forming

Copyright © ISTJ 4B ghaa okl (G48a
;\mb ?3""“ @3.\1\ M



International g ok 4050 iy
Science and Technology Journal Volume 24 2 tsans eenr o Teekasng Joursl

Ay aglall Adgat) Algal) January 2021 x\ I S T .J /&

simulation of the reinforcements of thermoplastic
composite,” International Journal of Material Forming, vol.
2, pp. 213-216, 2009.

[74] F. Dumont, C. Weimer, D. Soulat, J. Launay, S.
Chatel, and S. Maison-Le-Poec, "Composites preforms
simulations for helicopters parts,” International Journal of
Material Forming, vol. 1, pp. 847-850, 2008.

[75] M. R. Garnich and N. A. Klymyshyn, "Multiscale
analysis of stamp forming of a woven composite,” Journal
of Thermoplastic Composite Materials, 2011.

[76] Progressive failure analysis of tow-placed, variable-
stiffness composite panels CS Lopes, PP Camanho, Z
Gurdal, BF Tatting, International Journal of Solids and
Structures 44 (25-26), 8493-8516.

[77] Tailoring for strength of composite steered-fibre
panels with cutouts, CS Lopes, Z Gurdal, PP Camanho
Composites Part A: Applied Science and Manufacturing 41
(12), 1760-1767

[78] K. Chauncey Wu, "Design and Analysis of Tow-
Steered Composite Shells Using Fiber Placement” NASA
Langley Research Center Hampton, Virginia.

[79] Bret K. " Aeroelastic Tailoring via Tow Steered
Composites,” Stanford Langley Research Center, Hampton,
Virginia. NASA/TM-2014-218517. Christine V. Jutte
Craig Technologies, Inc., Cape Canaveral, Florida.

[80] Gurdal, Z. and R. Olmedo, "In - plane response of
laminates with spatially varying fiber orientations: variable
stiffness concept,”. AIAA journal, 1993. 31(4): p. 751-758.

[81] Huang, J. and R.T. Haftka, "Optimization of fiber
orientations near a hole for increased load-carrying
capacity of composite laminates,”. Structural and
Multidisciplinary Optimization, 2005. 30(5): p. 335-341.

[82] Blom A.W., List J., Stickler P.B. and Girdal Z.,
Design and Manufacture of a Composite Cylinder with
Circumferentially Varying Stiffness. In Proceedings of the

271 Copyright © ISTJ 4B ghaa okl (G48a
;\mb ?3""“ @3.\1\ M



International g ok 4050 iy
Science and Technology Journal Volume 24 2 tsans eenr o Teekasng Joursl

Ay aglall Adgat) Algal) January 2021 x\ I S T .J /&

American Society for Composites — Twenty-third
Technical Conference, 9-11 September 2008, Memphis,
TN, USA.

[83] Fayazbakhsh, K., Prabhakar, S., Pasini, D. and
Lessard, L., "A study of the influence of gaps and overlaps
on the strength of composite panels made by automated
fiber placement,” . In Proceedings of the American Society
for Composites — Twenty-sixth Technical Conference , 26-
28 September 2011, Montreal, QC, Canada.

[84] Fayazbakhsh, K., D. Pasini, and L. Lessard, "The
Effect Of Manufacturing Parameters On The Tow Drop
Regions Of A Variable Stiffness Composite Cone Made
Out Of Autometed Fiber Placement,”. In 42 nd ISTC ,
SAMPE,2010. Salt Lake City, UT;USA.

[85] Tanut Ungwattanapanit, "Postbuckling
Optimization of Composite Stiffened Fuselage Panels using
Steered Fibers, "Horst Baier Institute of Lightweight
Structures, Technical University Munich Boltzmannstr.
15, 85747 Garching b. Miinchen, Germany.

[86] Kurt Schueler, James Miller, Richard Hale,
"Approximate Geometric Methods in Application to the
Modeling of Fiber Placed Composite Structures,” Journal
of Computing and Information Science in Engineering
SEPTEMBER 2004, Vol. 4.

[87] C. S. Lopes, Z. Gurdal, P.P. Camanho, "Tailoring
for strength of composite steered-fibre panels with
cutouts,". Composite: part A. Vol 41. 210. 1760-1767.

[88] Abdiwi, F., Harrison, P. , Koyama, I., Yu, W.R,,
Long, A.C., Corriea, N., and Guo, Z. (2012) Characterising
and modelling variability of tow orientation in engineering
fabrics and textile composites. Composites Science and
Technology , Volume 72, Issue 9, 1034-1041.

[89] R. WS., "ImageJ, U. S. National Institutes of
Health," ed. U. S. National Institutes of Health, Bethesda,
Maryland, USA: Rasband WS. , 1997-2005.

272 Copyright © ISTJ 4B ghaa okl (G48a
;\mb ?3""“ @3.\1\ M



International Ly g g

Science and Technology Journal Volume 24 2l R —— ) Q
i)y aglall Al Alsal January 2021 x\ I STJf
[90] Abdiwi, F., Harrison, P. , Yu, W.R. and Guo, Z,,

Modelling the Shear-Tension Coupling of Engineering
Fabrics, 8th ESMC July 2012, Graz, Austria Available
upon request.

[91] Abdiwi, F., Harrison, P., and Yu, W.R. (2013)
Modelling the Shear-Tension Coupling of Woven
Engineering Fabrics. Submitted to Advances in Materials
Science and Engineering Journal.

273 Copyright © ISTJ 4% ghaa akal) (3 g8a
wu ?3""“ @3.\1\ M



International gt A
Science and Technology Journal Volume 24 2l P ———

{4l pshll dp) Alsa) January 2021 x4 I S TIJ /&

Minimizing the specific energy consumption of
Tajoura SWRO plant by comparative a different
types of energy recovery devices

Abdulmenam A. Abdalla, Nafaa A. Albohli
Department of Mechanical Engineering, Faculty of Engineering,
Sabratha University, Libya
nafaa.albohli@sabu.edu.ly

Abstract

Producing fresh water from seawater by using RO desalination
plants is known to be expensive due to its high energy
requirements, so the main subject of desalination companies is to
reduce the cost of producing water, one way to reduce the cost of
water production is done by reducing the specific energy
consumption (SEC) which is the most determinant factor in
operation cost of seawater reverse osmosis (SWRO) desalination
plants. The energy consumption is reduced by using the energy
recovery devices (ERDs), these devices exploit the waste energy in
the concentrated brine and return it to the feeding line. This paper
aims to study the possibility of reducing the SEC of the Tajoura
SWRO desalination plant by replacing the ancient ERD (reverse
running pump) by a modern efficient ERD, therefore, the SEC by
using different types of ERDs has been calculated and compared
with the reverse running pump.

The results confirmed that the lowest value of SEC was when
using the pressure exchanger (PX) with value of 2.12 kWh/m?®,
while it was 3.89 kWh/m?® by using the currently device. The PX
device saved 61.7% of the energy compared with 29.7% saving in
the reverse running pump. In general, for all studied ERDs, it was
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found that the energy savings in the positive displacement devices
are greater than the saving in centrifugal devices.

Key words: specific energy consumption (SEC), energy recovery
device (ERD), high pressure pump (HPP), brine, produced water.
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1. Introduction
Water is the basic base of the life above the earth surface, due to
the rapid increasing of population, the high standard of living,
industrial and agricultural development, caused shortage of potable

water, although more than three quarters of the earth's surface is
water, but the drinkable is only 3% because of its salinity or
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pollution due to the environmental pollution that accompanied the
industrial revolutions [1], so the thinking of finding alternative
solutions to reduce the growing crisis became the interest of a lot
of researchers. Desalination was one of the most important
alternative solutions to get potable water, especially in countries
which suffer from shortage of potable water and scarcity of its
sources.

Desalination is a series of processes aimed to removing all or a
part of excess salts and minerals found in the composition of
undrinkable water such as seawater. Water treatment and
desalination operations are carried out by different methods, some
of which are known centuries ago, and some are modern.
Desalination methods are divided into two main types: thermal and
membrane methods.

The thermal desalination methods have been used in the early of
1950s, in this process; the salty feed water is evaporated by raising
its temperature to a boil, and then condensed into the water again,
so that the distilled water becomes free of salt. This distilled water
has no taste, so it is treated with additives to make it suitable for
drinking or irrigation. The thermal water desalination process is
carried out in several ways, including: Multi-Stage Flash
Distillation, Multi effect Distillation and Compressor steam ejector
[2]. While the membrane desalination methods depend on the
presence of a driving force to pass water through a semi-permeable
membrane that allows the passage of water and does not allow the
passage of the salts. The membrane desalination methods are
divided into: Electro-Dialysis methods and Reverse Osmosis
methods, where the reverse osmosis method (which is known as
RO) is one of the most used desalination methods recently due to
its high efficiency, but its disadvantage is the large consumption of
energy to produce drinking water. In recent years, the membrane
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technologies have surpassed the thermal technologies [3]. It was
used for the first time in the 1970s, and since that time,
improvements and developments have continued until it has
become the most widely used method of desalination, accounting
for about 53% of the world's desalination plants [4].

The process of reverse osmosis is defined as the process of reverse
transfer of fresh water from the more concentrated solution to the
less concentrated solution through a membrane, where the feed
water (salt water) is pumped through high pressure pumps to
pressure higher than the osmotic pressure in closed vessel called
the pressure vessel, which containing membranes allow to passage
the water and not allow to passage the salts. These membranes are
called reverse osmosis membranes (RO membranes), the amount
of feed water that passes through the reverse osmosis membrane
does not fully cross the membrane, usually, about 30-45% of it
passes as fresh water, this part of the water is called product or
permeate, when a fresh water passes through the membrane, the
salinity of the water inside the membrane increases, so a fraction
of the feeding water is disposed to the atmosphere without passing
through the membrane to flush the salts out of the membrane to
prevent these from accumulating on the membrane surface. This
fraction of the feed water is known as concentrate, reject or brine.
As shown in figure 1 [3].

RO membrane

Tough-flow

Permeate

Feedwater s or
Product

Concentrate or Brine

Figure 1. Reverse osmosis schematic
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Any RO plant contains the following essential sections: Water
intake, Pretreatment, Main RO process and Posttreatment section.
The main parts of the desalination process includes; high pressure
pumps (HPPs), a membrane unit and energy recovery devices, as
shown in figure 2, the most focus on RO plant development was in
these main parts, therefore, the currently improvements and
developments in this sections have made the RO desalination
plants the preferred choice for desalination [5].

. Energy Recovery
oot

Iate ake | Pretr : . e '
Wager Intake 1 T rfroaaent Main RO Section - Post-Treatment

Figure 2. Layout of SWRO desalination plant sections

In order to provide the necessary pressure to pass the fresh water
through the membranes and reserve the salts, high pressure pumps
(HPP) are used, which are usually a multi-stage centrifugal pump,
where the salt water is pressurized to a pressure higher than the
osmotic pressure to reach the pressure required for the process of
extracting salts inside the membranes. This pressure ranges
between 17-27 bar for well water, and between 45-80 bar for sea
water depending on the salinity of the water and production rates.
The high pressure pump is the main and largest part in the
desalination plants which consume energy. The selection of high
pressure pump depends on the amount of the feed water flow,
membrane pressure and the operating temperature [2].
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The membranes are the core of the desalination process, the
recent design engineering of RO membranes has increased their
efficiencies and improving their running life and cleaning costs
[2], the commonly configurations of reverse osmosis membrane
are: plate and frame, tubular, hollow fiber and spiral wound [2]
which is the most common membrane recently used as shown in
figure 3, where a seven or eight connected membranes are placed
in series inside a vessel called a pressure vessel, and a group of
pressure vessels are placed parallel to form a row. These
membrane wound around a perforated tube which that collects the
permeate [5].

Perforated Permeate
product tube

Anti-telescoping caps

Feed water
carrier

> Sealed edge of
permeate envelope

” Semi-permeable
membrane

> Ppermeate
carrier material

Permeate

Feed water

Figure 3. Spiral wound membrane module

In seawater reverse osmosis (SWRO) desalination plants,
almost between 55 to 60% of the pressure of feed water leaves the
membrane through the brine flow, and the pressure dropping due
to the passage of feed water through the membranes is small
(approximate 2 bar), although the brine is sent for disposal, it
carries a large amount of energy, therefore, it became necessary to
recover this energy to decrease the energy consumption of the
plant and improve the overall efficiency of the operation by using
a technology allow this energy to recycling back into the process
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[6]. Usually the energy recovery is done by a mechanical system,
which extract this energy from the brine and return it to the feed
water, this system is called energy recovery device, abbreviated as
(ERD). The ERD began to be used in 1980°’s SWRO plants [7].

Several types of devices have been developed to recover pressure
energy from the brine flow. The first device used was a turbine
that connected its shaft to a high pressure pump (HHP), which are
a Francis turbine and a wheel or Pelton turbine, these devices have
been developed with devices that operate efficiently when used in
large desalination plants [8].

Energy recovery devices can be classified according to the
principle of their operation in how to recover the remaining energy
from the brine expelled from the membranes in two classes, either
Centrifugal or Positive Displacement Devices. Positive
displacement devices are also called Pressure Exchanger.
Examples of centrifugal energy recovery devices are the Pump
reverse running or Francis turbines (FT), a Pelton wheel and
hydraulic Turbocharger, while the positive displacement devices
transfer pressure directly from the brine to feed water, examples
include Inc.’s pressure exchanger PX from ERI company, iSave by
Danfoss, SALINO by KSB and Desalco’s Work Exchanger
Energy Recovery (DWEER) [8].

One of the main differences between the two classes of energy
recovery devices is the method of pumping the feed water with the
high pressure pump, in a centrifugal energy recovery device, the
high pressure pump pumps all of the feed water, while in a
pressure exchanger the high pressure pump pumps a portion of
feed water [9]. Due to the high electricity prices all over the world,
energy recovery devices in reverse osmosis plants have become of
interest the designers.
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The reverse osmosis is a process that mainly depends on provide a
high pressure to enter the membranes, this pressure is obtained
from HPPs. 50-75% of the energy consumed in a reverse 0Smosis
plant is used to drive the motors of HPPs, so the main energy
consumption in the reverse osmosis plants is HPPs, therefore,
reducing the energy consumption of the pumps reduces the cost of
produced desalinated water [10]. The assessment of the energy
consumption of the RO plant is by calculating the energy required
for HPPs to produce a cubic meter of produced desalinated water,
this factor is called (Specific Energy Consumption) and
abbreviated as (SEC). It is used to measure the efficiency of the
reverse osmosis desalination plant, and it is calculated by dividing
the total electricity input to the HPPs in (kW) with the total
product flow (m*/h), therefore, It is measured in (KWh/m?®) [7].

The reduction of specific energy consumption (SEC) became the
focus of researches by searching on the best design of HPPs,
membrane materials and energy recovery devices. One of the
important research issues in improving the SWRO plant is the
reducing of the SEC by using the ERDs, therefore, there are
several published research works concerning to improving the
performance of the SWRO plant by reducing the SEC [4, 6, 11,
12, 13 and 14].

The main objective of this paper is to study the possibility of
decreasing the SEC of the Tajoura SWRO desalination plant by
using a different types of energy recovery devices (ERDs) through
exploit the high pressure energy of the brine, and finding the best
alternatives to the energy recovery device currently in the plant
(the revers running pump), where the plant data of pressures and
flow rates through the membranes were collected.
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2. Tajoura SWRO Desalination Plant

Tajoura SWRO desalination plant is located on the Mediterranean
coast. It was built in 1983 and began to operate in 1984 by
capacity of 10,000 m®day of potable water with a salinity of less
than 500 ppm.

The desalination process in the plant is achieved by passage of the
seawater through the main stages of any reverse osmosis plant,
where about 1500 m%h of the seawater is pumped to the pre-
treatment section to pass through the filters, in addition, four
chemicals (sulphuric acid, Copper sulphate, sodium sulphate and ferric
chloride sulphate ) are inject in order to purify seawater to a quality
acceptable by RO membranes characteristics.

Then the feed water is pumped to the reverse osmosis section,
which consists of two stages, where the first stage, which contains
four racks is fed by four high pressure pumps connected to the
energy recovery turbines, the produced water from the first stage
collects in two reservoirs before being pumped to the second stage
by two high pressure pumps. The brine of the second stage return
back to mix with the feed water of the first stage. The produced
water is fed to the post-treatment section to adjust the pH, as well
as dosing the chemicals. The design parameters of the membranes
and the desalination process are presented in table 1 [15].

Table 1. The design and working parameters of Tajoura desalination

plant.
Item First stage Second stage
Number of RO racks 4 2
Pressure vessels configuration 1 stage 3 stages

Number of pressure vessels 396 84
Number of membranes 2376 504

Number of membranes per pressure 5 5

vessel
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Nominal diameter, inch 6 8
Membrane model TFC 1501 PA | TFC 8600 PA
Design pressure, bar 69 41
Working pressure, bar 55 25
pH 5-6 5-6
Maximum temperature, C 45 45
Feed flow, m¥h 1576 552
Permeate flow, m*h 552 468
Concentrate flow, m¥h 1024 84
Design salt rejection, % 98.6 98
Recovery, % 35 85
Permeate salinity, mg/L 1940 170
Feed salinity, mg/L 36,204 1940

The ERD used in the Tajoura SWRO plant to recover the high
energy from the brine is the reverse running pump, where the brine
of the first stage fed to the ERDs which coupled to the HPPs by
free wheel clutch to recover about 30% of the HPPs energy. The
table 2 illustrates the major design parameters of the ERD [13].

Table 2. The design parameters of the ERD.

Manufacturer KSB, Germany

Turbine type HDANO 100

Rated capacity 256 m°/h
Efficiency %78

The feeding of seawater to the first stage is done by four HPPs;
these pumps raise the pressure to membrane working pressure,
while two pumps feeding the second stage. The major design
parameters of the HPPs are shown in the table 3 [13].

Table 3. The design parameters of the HPPs.

Pumps Specification First Stage ‘ Second Stage
Manufacturer KSB, Germany
Type HDAO 150
Pumping medium Seawater Permeate of first stage
Flow rate 394 m’/h 275 m°h
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Pump efficiency 76 % % 72
Working pressure 55 bar 25 bar
. Horizontal type, multistage, with vertical split
Construction yP casing P

3. Theoretical Background

The major component of the RO process that consumes the
large portion of the energy is the HPPs, therefore, the energy
consumption is evaluated in the study analysis as the specific
energy consumption (SEC) which is calculated by dividing the
total electricity input to the HPP in (kW) with the total product
flow (m*h). The SEC can be reduced by using ERDs which
exploit the high pressure in brine by recover its hydraulic energy.

3.1 The Centrifugal ERDs

The centrifugal devices usually extract the energy from the
brine pressure by using a turbine, then converting it into
mechanical energy by a shaft. The ERD existed in the Tajoura RO
desalination is a centrifugal type (revere running pump). Figure 4
shows the scheme of the Francis turbine and the hydraulic
turbocharger ERDs in the plant.

Feed Water
—0 ®)
[\

Figure 4. Scheme of the Francis Turbine and Turbocharger in the plant.

R0 Membrase

Product Water RO Menbrane Product Water

Francis Turbine

Turbocharger Feedwater
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3.2 Positive Displacement (Pressure Exchanger) ERDs

The positive displacement devices transfer the energy of the
brine directly to the feed water stream, where, the water leaving
the pressure exchanger to pass to the feed water stream is pumped
through a booster pump to reach the pressure of HPP, therefore,
the HPPs do not pump all amount of feed water, but they pump a
part of the feed water, which is usually equal to the produced water
[5]. As shown in figure 5.

RO Membrane

Product Water

Figure 5. Scheme of SWRO plane with Pressure Exchanger ERD

4. Methodology

To reducing the energy consumption of Tajoura SWRO
desalination plant the SEC of HPPs was calculated. The
calculations were done when using the current ERD (Revers
Running Pump) and by using different types of devices, and
compared the SEC of these devices with the SEC of the RO
process without ERD.

4.1 Specific energy consumption of Plant without ERD

Figure 6 shows a diagram of the main section of RO
desalination plant without ERD, where the SEC in this case is the
energy consumption of high pressure pumps divided by the flow
rate of water produced, so the SEC is calculated from the equation

(1) [16].
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RO Membrane
Q', , P Product Water
Q:
Feed Water
Figure 6. The main RO section diagram.
SEC = Wupp _ Qr(Pr—P,) (1)

Qp Nupp Qp
Where, Wypp is the high presure pump power (KW), Qp is the

produced water flow rate (m*/h), Qy is the feed water flow rate
(m3/s), Pr & P, are the pressures at the exit and entrance of HPP
respectively (kPa) and nypp is the HPP efficiency.

4.2 Specific energy consumption with the FT ERD

The revers running pump used in the plant as an ERD which
its efficiency and the flow rate are showed in table 2. The SEC is
calculated from the equation (2) according to the figure 4.

SEC = Wupp—We (2)
Qp

Where, Wypp is calculated from the equation (1) and W, is the FT
power (kW), which is calculated from the equation (3): [13]
W, =173 XV XI Xy 3)

Where, V is voltage (kV), 1 is the current (A) and y is the power
factor (decimal), the constant 1.73 is based on phasor analysis
(vectors) (it is necessary with 3 phase)
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4.3 Specific energy consumption with the Turbocharger ERD

The turbocharger which selected in this study is manufactured
by the Pump Engineering Inc. (PEI), model AT-6000, the selection
was done by determine the pressures and flow rates, referring to
the figure 4, and the table 4 illustrates the details of the points on
the plant scheme with turbocharger ERD.

Table 4. Description of the points on figure 4.

Diagram Location Description

0] Feed water supply

A HPP outlet / Turbocharger Inlet

= High Pressure (Turbocharger Out / Membrane
Inlet)

B High Pressure (Membrane Out / Turbocharger
Inlet)

Low Pressure Outlet from Turbocharger
P Product water

The SEC is calculated by the equation (4):
SEC = Wupp _ Qr(Pa—Po) (4)

Qp nupp Qp

The pressure different between exit and inlet turbocharger pump is
calculated from the equation (5):

AP=PF—PA=Nte XRr X(PB_PD) (5)

Where, Nte is the Hydraulic Energy Transfer Efficiency, which
determined from turbocharger characteristic curve, R, is the ratio
of brine flow to feed flow. Where, the only unknown parameter in
the equation (5) is the turbocharger inlet pressure (Pa).

4.4 Specific energy consumption with the PX ERD

Referring to the figure 5 and Table 5 which illustrate the flow
path of a PX energy recovery device in SWRO plant, the brine
high pressure from the membranes [B] passes into the PX unit
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where its pressure is transferred directly to a portion of the
incoming feed water (H). This pressurized stream of feed water
(G), which is approximately equal in volume and pressure to the
brine stream, passes through a PX booster pump to make up the
small amount of pressure losses through the membranes, PX and
from friction in the piping, therefore the booster pump rises the
pressure from (G) to (C) to merges with the main feed water line
pressure (F) which is the RO working pressure. Where the booster
pump deliveries a portion of the incoming feed water, so the main
pump is sized to equal the RO permeate flow plus a small amount
of rotor lubrication flow. Therefore, the PX reduces flow through
the main pump which reduces in its size results in lower power
consumption.

Table 5. Description of the points on figure 5
Diagram Location Description

PX high pressure inlet/Brine
PX low pressure outlet/Brine
Product water

0] Feed water supply

H PX low pressure inlet

A HPP outlet

G PX high pressure outlet/BP inlet
C BP outlet

F RO feed Flow

B

D

P

Depending on the brine flow rate from the RO membrane of
the first stage, the PX unit model was selected. Then the SEC is
determined from the selection tool provided by ERI Company
(PX-POWER-MODEL-SELECTOR-1) [17].
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4.5 Specific energy consumption with the iSave ERD

The SEC of the iSave ERD is determined from the selection
tool version 606 provided by Danfoss group, after filling the
required data of pressures and flow rates [18].

4.6 Specific energy consumption with the Salino ERD

The SEC of the Salino ERD is determined from the design tool
provided by KSB, after filling the required data of pressures and
flow rates [19].

5. Results and Discussion

By using the Tajoura SWRO plant operation data which
detailed in the table 1, the SEC of HPPs by using different types of
ERDs is calculated.

5.1 SEC without ERD

Referring to the figure 6 and by using the equation (1) the SEC

is  SEC = 22377.05007200) _ g 53 |ywh /m3

0.76 X552

5.2 SEC of the FT ERD
The Francis turbine power is calculated from the equation (3)

The power factor of the motor is usually 0.88, so
W, =1.73 X 11 X 54 x 0.88 =904.3 kW
Then the SEC is calculated from the equation (2).

3053 —904.3
SEC = T = 3.89 kWh/m3

5.3 SEC of the Turbocharger ERD
The turbocharger AT-6000 was selected as an ERD depending
on the brine flow rate, so the SEC is calculated from the equation
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(4) after calculating the turbocharger inlet pressure (Pa) from the
equation (5).

1024
AP = 55— P, = 0.81 x —— x (53 — 0.5) = P, = 27.4 bar

1576
So, the HPP rises the pressure to about 27 bar instead of 55 bar

which lead to decreasing the pump power.

0.4377 (2740—-200) _

SEC = = 2.56 kWh/m3

0.76 X552

5.4 SEC of the PX ERD
The SEC of PX is calculated by the selection tool, where the

necessary data have been input to the tool, as shown in the figure 7
[17].

Case N2 4 Description Tajoura SWRO Plant
MEMBRANES FEED PERMEATE
Temp i8|eC 41,776|TDs B3|TDs
#trains 4 55|bar 0.7|bar
Units Metric| 1,577.1|m3/hr 552.0| m3/hr
s BRA [ ———
v
Recovery Rate % 35.0%
HP OUT HP IN
HPP P 42,203|1DS 64,227|1DS
INPUTS 52.1|bar NE of PX units 53| bar
r 1,018.0| m3/hr Minimum NEl 16 1,025.1| m3/hr
Erternz| 16
= —
1 PX-Q300 »
HPP FEED LPIN LP OUT
41,000|TDs 41 000|TDS Lead flow] 0% | 63,032|TDS
2.0|bar 2.0|bar 1.1|bar
559.1|m3/hr 1,018.0| m3/hr 1,025.1| m3/hr

|
Figure 7. Selection tool of the PX.

From the selection tool results, the model of PX unit is PX-
Q300 with a PX total numbers of 64, and the SEC as shown in the
figure 8is:  SEC = 2.12 kWh/m3
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| Total # PX units: 64 |

PX unitary flow

Salinity Increase at membranes
Volumetric mixing VM
Lubrication flow (LF) per PX array
LF as % of concentrate flow

HP DP

LP DP

RO Specific Energy **

PX Technology Performance

64.1 m3/hr
1.9%
5.2%
7.1 m3/hr
0.7%
0.9 bar
0.9 bar

2.12 kWh/m3
Brine Recovery Efficiency 97.61%
Overall PX Efficiency 96.05%

Figure 8. The results of PX selection tool.

5.5 SEC of the iSave ERD

From the results of the selection tool version 606, the model of
iSave unit is iSave70 with a total numbers of 15 units, the
efficiency is 92.8% and the SEC as shown in the figure 9 is:

SEC = 2.28 kWh/m3

Danfoss iSave selection tool Specific energy

High pressure pump =
Pump efficiency 76.0 %

1.0 bar
1025.1 m¥h
55205 ppm

Wotor efficiency 98 % Pressure 1.7 bar
VFD efficiency 100 % Flow  1010.1 m¥h[{ 2
Power consumplior_1120.8 ki Salinity 36,000 ppm
Suggested APP Not activated

Number of pumps - 1 Pressure 2.0 bar A
Rotational speed - pm Flow  1577.1 m%h
Salinity 36,000 ppm

Salinity

3
Prujél:t ) Tajoura SWRO Plant 2- 28 kWhIm
Version 606 | iSave
Isize iSave70
Number of units 15
Pressure 55.0 bar Pressure 1.0 bar iSave unit HP inlet flow 68.3 m¥h
Flow 567.0 mh Y Flow 5520 m*h | | Salinity increase @ memb 20%
Salinity 36,000 ppm Fressure  56.0 bar Salinity 3167 ppm )
Flow 18774 m3h !Savetnta\ lubrication flow 15.03 méhh
Salinity 36,723 ppm Pressure 53.0 bar iSave total lubrication flow 15%
Flow 10251 m*h | |iSave efficiency 92.8 %
55.0 bar Salinily 56327 ppm | |iSave power savings 1978.7 KW
10101 m¥h i i
iSave rotational speed
salinty 37,138 ppm P 816 rom
Power consumed 135.50 kW

Figure 9. The iSave selection tool results.
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5.6 SEC of the Salino ERD

Also the SEC of the Salino ERD was calculated from the design
tool provided by KSB, as shown in the figure 10. Where the results
shown that the total numbers of units are 25 with efficiency of
97%, and the SEC is: SEC = 2.17 kWh/m3

SA LLN NOVA SALINO® 500 Pressure Center — Design Tool

Unit Selection

SALINO®

SALINO® hydraulic efficiency 97 %
Number of SALINO®s required 25
Rotational speed 1682 rpm
Power savings 1391.29 kw
Total Lubrication Flow 52.69 m*h
Energy efficiency 217 kwh/im®
lowe 1608.3 me/h

Figure 10. The Salino selection tool results.

5.7 The Comparison of SEC results for the ERDs

The comparative analysis of the SEC and percentage saving by

using different ERDs were performed and tabulate in the table 6.
Table 6. SEC of the studied ERDs.

] Positive Displacement
Centrifugal ERDs ERDs
Without
ERD Type ERD Revers
Running | Turbocharger PX iSave | Salino
Pump
SEC,
(KWh/m®) 5.53 3.89 2.56 2.12 2.28 2.17
Saving in
SEC 0 1.64 2.97 3.41 3.25 3.36
(KWh/m?)
0,
& Of.SEC 0.0% 29.7% 53.7% 61.7% | 58.8% | 60.8%
saving
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From the table 6 and the figure 11, it is clear that the lowest
SEC value found to be 2.12 kWh/m® when using the PX pressure
exchanger with saving of 61.7% in the SEC of the plant when
there are not any ERD used. The current device saves only 29.7%
of the SEC which is the lowest percentage saving value in all
ERDs studied. It is interesting to note that the all ERDs in the
study have SEC values lower than the SEC value of the current
ERD used in the plant which is 3.89 kWh/m®Also, from the
results, it is noticed that the SEC of the positive displacement
devices are higher than the SEC of the centrifugal devices, where
the maximum SEC in centrifugal ERDs was 2.56 kWh/m® in AT
turbocharger, while it found that the SEC in all positive
displacement ERDs used are higher than this value.

on 70%
c
'S 60%
(T
3 50%
& 40%
Q
80 30%
o
0
< 20%
(8]
S 10%
o
0%

Types of ERDs
Figure 11. ERDs percentage saving of energy

6. Conclusions

The Tajoura SWRO plant has been working with the reverse
running pump as an energy recovery device since it was in
operation in 1984, which is no more considered to be applied to
modern SWRO plants due to its low efficiency. So improvement
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of the plant by replacing the ERD with a modern device will be
made the plant saving more energy, in the result reduces the cost
of produced desalinated water.

The results showed that the revers running pump ERD was
found to give the highest value of SEC compared with other ERDs
used, while the PX pressure exchanger was found to give the
lowest value of SEC. the comparative analyses of different types
of ERDs were done, where, the PX saved 61.7% with reduction in
SEC to 2.12 kWh/m* compared to 3.89 kWh/m® with using the
current ERD, also the use of PX not only reduces the SEC but also
reduces the HPPs size. By comparing the results of all studied
ERD, it could be concluded that the SEC in the positive
displacement ERDs (pressure exchangers) are lower than the SEC
when using the centrifugal ERDs.
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Abstract:

The study investigates the effect of adding castor oil (CO) as the
coupling agent on the mechanical properties of linear low density
polyethylene (LLDPE)/cement Kkiln dust (CKD) composites.
Composites containing various amounts of the CKD (2, 4, 6, and 8
wit% relative to polymer) were initially prepared by melt mixing
method and their mechanical properties, namely the tensile
strength, elastic modulus, elongation at break, impact strength and
shore D hardness were studied. The addition of CKD clearly
affected the stress-strain curves of the composites, where 6 wt%
CKD relative to polymer seems to be the threshold value at which
the mechanical properties of the composite downgraded
dramatically. At this CKD content, the composite changed from
soft/tough material to hard/brittle material with high tensile
strength, high elastic modulus, high shore D hardness, low impact
strength and low elongation at break value. The effect of adding
CO as the coupling agent on the mechanical properties of the
obtained composites was investigated. Results indicate that the
addition of CO led to increase the CKD content and the formation
of soft/tough material with improved impact resistance and better
elasticity. CO acted as a coupling agent as well as a plasticizer,
which led to increase the amount of CKD content in the composite
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without affecting the mechanical properties of the polymer. The
latter was attributed to a better CKD particle distribution in the
polymer matrix at the presence of CO molecules. CO played a vital
role in increasing the interaction between CKD particles and
polymer chains, therefore good dispersion of CKD particles in the
polymer matrix could be achieved, leading to composites with
good mechanical properties.

Key-words: Linear low density polyethylene, coupling agent,
cement dust, castor oil.
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1. Introduction:

Polymer composites are multi component materials, which consist
of a filler material that is dispersed in a polymer matrix. Fillers
include calcium carbonate, kaolin, talc, and carbon black, which
can improve specific properties, make the product cheaper, or a
mixture of both[1-4]. In general, polymer composites exhibit
improved properties, and their use can even lead to certain new
properties that cannot be derived from pure polymers Thus,
polymer composites usually have unique functional and physical
properties, such as superior mechanical properties as well as
enhanced thermal performance. However, in these polymer
composites, the dispersed filler particles play a significant role in
the absorption and distribution of the stress evenly in the matrix.
Several studies have been carried out, which focused on
polyolefin/calcium carbonate (CaCO3) and/or silicon dioxide
(SiO2) composites [5-11]. It has been shown that the addition of
CaCOg and SiO, to polyethylene could improve some mechanical
and thermal properties without affecting other properties of the
polymer [11-14]. The enhancement depends greatly on the shape,
surface area and dispersion of the filler particles on the polymer
matrix. Hence, a poor interfacial adhesion between the inorganic
fillers and the organic polymer molecules will weaken the
properties of such composites. Long et al.[13] studied high density
polyethylene (HDPE)/silica composites, where a significant
increase in the tension yield strength and a decrease in the
elongation at break of the polymer were observed. EI-Tonsy et
al.[10] investigated the influence of SiO, particle size on the
performance of linear low density polyethylene (LLDPE)/SiO;
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composites. They observed that smaller particles caused a
considerable increase in mechanical properties at lower
concentration compared with bigger particles. The effect of
morphology of filler particles of SiO, on dynamic rheological and
modelling was also studied by Dorigato et al.[11]. They found a
strong dependence of the rheological parameters on the filler
surface area. A remarkable enhancement of storage shear modulus
and viscosity caused by fumed silica while glass micro beads
slightly affected.

The production of cement as many other industries produces
massive quantities of waste materials, which cause a very big
environmental concern. The main waste material is known as
cement kiln dust (CKD), which has a huge negative accumulated
impact on air, water and land. For several years a number of
industrial applications have been utilizing CKD to minimize its
impact on the environment [15-19]. Although, dramatic advances
have been achieved in these solid waste management applications,
however new research areas need to be investigated to reduce the
pollution caused by the cement industry. Combining CKD with
polymer matrix is another solution to minimize this environmental
pollution, which has been recently investigated. Moreover, the
addition of CKD as a filler to polymers could provide some
improvement in their properties as well as reducing the cost of the
final polymeric product [20-22]. In general, cement consists of
four basic complexes: Tricalcium Silicate (3Ca0-SiOy), Dicalcium
Silicate  (2Ca0-Si0Oy), Tricalcium  Aluminate (3CaO-Al,03),
and Tetra-Calcium Aluminoferrite (4CaO-Al,03Fe,03), which can
all co-exist [21, 23]. However, CKD contains primarily CaCO3 and
SiO,, which is similar to the cement kiln raw material, but the
amount of alkalis, chloride and sulphate is usually considerably
higher in the cement dust [18, 19].

The addition of coupling agents in polymer composites has
been studied for many years [24, 25]. Coupling agents are
chemicals which interact with the filler surface but exhibit at least
one side group which interact with the polymer matrix or at least
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compatible with it. They usually improve the interfacial properties
between fillers and polymers by reducing the interfacial tension.
They simultaneously reduce the agglomeration tendency of filler
particles, thus greatly improving their accessibility to polymer
molecules, which usually result in polymer composites with
enhanced properties. Asewailem & Binkhder [26] studied
polymer/date pits composites, where they found that there was an
improvement in the mechanical properties of these composites as a
result of the addition of 4,4’-diphenylmethanediisocyanate (DPMI)
and ethylene propylene grafted with malice anhydride (EP-g-MA)
as coupling agents. Ozen et al. [27] found that the dispersion
quality of coated CaCO3; in LLDPE matrix at the presence of
different saturated fatty acids was improved. They pointed out that
1-2 wt% of saturated fatty acids were the best to cause a significant
decrease in the crystallization temperature of polymer.

In recent years, other researches have studied the use cement dust
as a filler in polymers [20], however very few studies addressed
the addition of coupling agents to these composites. In our
previous work [22], the CKD has been used as a filler in HDPE,
where polyethylene glycol (PEG) was used as the coupling agent.
It has been clearly shown that the mechanical properties of HDPE
was improved when PEG was added compared to pure HDPE and
HDPE composites containing only CKD. These agents could cause
an increase in the interaction, thus adhesion between filler particles
and polymers. Therefore, better dispersion of the filler particles in
the final composite matrix could be obtained, which could result in
a very big improvement in properties of these polymer composites
[26, 28, 29].

The main purpose for this study is to investigate the effect of
castor oil (CO) as a coupling agent on mechanical properties of
LLDPE/cement dust composites. We hypostasize that the addition
of CO as the coupling agent could improve the interaction and thus
dispersion of CKD particles in the polymer matrix resulting in
LLDPE composites with better filler particle distribution and
improved mechanical properties.
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2. Experimental methods and materials:

2.1.Materials:

Linear low density polyethylene was supplied by Ras-Lanuf Oil &
Gas Processing Company (RASCO) and used as the matrix
(LANUFENE LLF 181N, meltindex =1.0g/10min (190°C, 21.6
kg)). Castor oil was purchased from local pharmacy and used as
received, xylene (99%, Alfa Aesar). Cement kiln dust was supplied
by Alborj company (Zliten, Libya), which was sieved to remove
impurities and obtain particle sizes of <75um. The chemical
composition of CKD is shown in Table. 1.

Table 1: Chemical Composition of CKD obtained from Alborj
company

Oxide (Wt%)
CaO 43.87
SiO, 10.17

Al,O4 1.88

Fe, O, 1.03
MgO 0.52
Na,O 2.66
K,O 6.27
SO, 1.15

Cl 5.60
Free lime 23.40

2.2.Composite Preparation:

Liner low density polyethylene/cement kiln dust(LLDPE/CKD)
composites were obtained by using a twin screw extruder
(HAAKE Mini CTW) at 190°C with screw speed of 70 r.p.m..
Various amounts of 2, 4, 6, and 8wt% CKD relative to polymer
were used. To ensure that better filler particle distribution can be
obtained, part of the LLDPE (10 % of the desired amount) was
melted in a small quantity of xylene at 120°C in separate bowls
and mixed with the CKD. The resultant mixture was then air dried
at room temperature overnight before mixing it with the rest of
LLDPE using the extruder. Another set of polymer composites
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containing 6 wt% CKD with various amounts of castor oil (CO) (2,
4, 6, 8, and 20wt% relative to CKD) as the coupling agent was
prepared at the same conditions. The extruded composite materials
were dried in air overnight at room temperature and then grinded
to smaller pieces. Specimens for stress-strain measurements and
impact strength were prepared using injection molding machine
(Xplore 12ml). The melting temperature was set at 190°C and
mold temperature at 50°C. All samples were injected at a pressure
of 1.4 MPa with a holding time of 6 sec. Details of the obtained
composites and their compositions are reported in Table. 2.

Table 2: Details of the prepared composites and their compositions

CKD (wt%)
. LLDPE : CO (wt%
Composite code (Wi26) Relative to Relativog to C)KD
polymer
LDP 100 0 0
LPC2 98 2 0
LPC4 96 4 0
LPC6 94 6 0
LPC8 92 8 0
LPCC2 94 6 2
LPCC4 94 6 4
LPCC6 94 6 6
LPCC8 94 6 8
LPCC20 94 6 20

2.3.Composite Characterization:

Mechanical properties of the prepared polymer/cement dust
composites were investigated. Stress-strain properties were
investigated by using the Universal Tensile testing machine (Prodit
3kN) operating at a crosshead speed of 5 mm/min at room
temperature. Charpy impact test was carried out using (CEAST
Resil-Impactor tester) at room temperature with impact energy of
15 J. The sample specimens for impact testing were prepared and
notched according to ASTM (D256-10) [30]. A minimum of four
specimens were tested and an average value was taken. Shore D
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hardness was investigated by a Shore Durometer in Shore D scale
at room temperature according to ASTM (D2240) [31] (A
minimum of 10 measurements were taken for each sample).

3. Results and Discussions:
3.1.Characterization of composites containing CKD without
CO:
Mechanical properties of the LLDPE/CKD composites containing
various amounts of CKD of 2, 4, 6 and 8 wt% were determined.
LLDPE belongs to a group of polymers (known as soft and tough
polymers), which are generally characterized by relatively low
modulusand low tensile strength.LLDPE is mostly amorphous
polymer with few crystalline areas, so when the specimen sample
is pulled, polymer chain start to move in the direction of stress
with a slight resistance to the applied stress (few crystalline areas
and chain entanglement). More pulling will lead to all polymer
chains being lined in the direction of stress before it is completely
broken.In this study, any significant change in stress-strain curve
and properties can be attributed to the presence of CKD particles.
Figure 1 shows the stress-strain curve of the LLDPE/CKD
composites prepared with different CKD content. Figure 2 shows
the elastic modulus (a measure of the rigidity of the sample) and
elongation at break (a measure of elasticity) of the LLDPE/CKD
composites with various CKD content.

so = LDP
o LPC2

o a  LPCa
s0 o LPCe
as = LPCS

Stess (Nimm)

Strain

Figure 1. Stress-strain curves of LLDPE/CKD composites containing
various CKD amount.
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Elongation at break (%)

Elastic modulus (N/mm?)
o>
1
5

Cement content (wt%)
Figure 2. Elastic modulus and elongation at break of LLDPE/CKD
composites containing various CKD amount.

The addition of sold CKD particles to the polymer matrix will act
as physical knots holding polymer chains together, thus increase
the force needed to pull the specimen sample. In other words,
increasing the amount of CKD will lead to increase the number of
knots, which will lead to increase the force needed to pull the
polymer chains apart, resulting to less elastic composite. As seen
in Figure 1, a very slight change in the stress-strain relationship
occurred for samples containing 2 and 4 wt% CKD. However the
addition of more CKD clearly affected the stress-strain curve of
the composites. The composite changed from soft/tough material
to hard/brittle material with higher elastic modulus and lower
elongation at break point than pure polymer and other composites
(see Figure 1 and 2).This means that 6 wt% CKD content can be
considered as the critical amount at which the mechanical
properties of the composite are reduced. The addition of sold CKD
particles to the polymer matrix acted as physical knots holding
polymer chains together, thus increase the force needed to pull the
specimen sample. This resulted in the formation of hard and rigid
composite, which breaks easily.

On the other hand, at 8 wt% CKD, the curve changed back to
soft/tough materials with relatively lower elastic modulus, which is
still higher than the pure polymer and composites with 2 and 4
wt% CKD (see Figure 1 and 2). However, at this CKD content, the
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material exhibited elongation at break value, which is still lower
than the pure polymer and composites containing 2 and 4 wt%
CKD. This could be attributed to a concentration effect, which
resulted in the agglomeration of the CKD particles and hence poor
particle destitution, which resulted in the formation of soft/tough
materials but with relatively higher elastic modulus and lower
elongation at break (i.e., the material is still hard and rigid, see
Figure 2).

The impact strength and shore D hardness of all LLDPE/CKD
composites were also measured. Table 3 shows the impact strength
and shore D hardness of the composites with various CKD content.
A noticeable increase in the impact strength value in all
composites except that containing 6 wt% CKD was observed.
Once again, the 6 wt% CKD seems to be the threshold value at
which the mechanical properties of the composite are changed.
Pure LLDPE exhibited impact strength value of 85.5 KIm™ while
composites containing 2, 4 and 8 wt% showed higher impact
strength of about 90 KIm™. As we discussed in Figure 1, at 6 wt%
CKD content, the composite is hard and brittle, which showed
relatively lower impact resistance as expected.

Table 3: Impact strength and shore D hardness of the LLDPE/CKD
composites

Composite code CKD Impact stgength Shore D
(wt%o) (kIm9)* hardness*

LDP 0.0 85.5(3.5) 475 (1.8)
LPC2 2.0 90.8 (2.0) 48.0 (2.6)
LPC4 4.0 90.1 (3.3) 48.5 (0.5)
LPC6 6.0 74.0(0.7) 59.8 (1.2)
LPC8 8.0 91.2(3.1) 53.3(0.5)

* Number between brackets is the standard deviation

The shore D hardness showed a slight increase with increasing the
CKD amount up to 4 wt% relative to polymer. However, the
composite containing 6 wt% showed a significant increase in the
value of shore D hardness (59.8) compared to pure polymer and
other composites (i.e., the composite is hard and brittle). This is in

306 Copyright © ISTJ 4B ghaa okl (G48a
;\mb ?3""“ @3.\1\ M




International gt A
Science and Technology Journal Volume 24 2l P ———

il agil Al L January 2021 A I S TIJ /&

good agreement with the results shown in Figure 1 and 2, where
the stress-strain curve changed noticeably at 6 wt% CKD relative
to polymer, which showed different mechanical properties. At 8
wt% CKD, the shore D hardness decreased noticeably but still
higher than that of the pure polymer and composites containing 2
and 4 wt% CKD. This means that the composite is still hard and
brittle, which is also in good agreement with results shown in
Figure 1 and 2 for composites containing 8 wt% CKD.

3.2.Characterization of composites containing CKD with CO:
The addition of CO to the LLDPE/CKD composite was
investigated. As we showed previously, at 6 wt% CKD the
composite changed its mechanical properties completely, which
showed high elastic modulus, higher shore D hardness, lower
elongation at break and lower impact strength compared to pure
polymer and other composites. The effect of adding the CO on the
mechanical properties of composites containing 6 wt% CKD was
therefore studied. Stress-strain curves for composites containing 6
wt% CKD with different CO content relative to CKD (2,4,6,8 and
20wt%) are shown in Figure 3.

70
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LPCC2
LPCC4
LPCC6
LPCC8
LPCC20

a]
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Figure 3. Stress-strain curves of LLDPE/CKD composites containing 6
wit% of CKD with various CO contents.

307 Copyright © ISTJ 4B ghaa okl (G48a
;\mb ?3""“ @3.\1\ M



International g ok 4050 iy
Science and Technology Journal Volume 24 2 tsans eenr o Teekasng Joursl

R aslall Aglsal) Asnal) January 2021 s\ I S T.J /&

The stress-strain curve for composite containing 6 wt% CKD with
no CO is shown in Figure 3 for comparison.All composites
containing CO had similar stress-strain relationship with a slight
change in the tensile strength and elongation at break. Noticeably,
the composite changed from hard/brittle to soft/tough material
when CO was added.

Table 4 shows the impact strength and shore D hardness of
LLDPE/KCD composites containing 6 wt% CKD with various
amounts of CO. The impact strength and shore D hardness for
composite containing 6 wt% CKD without CO is also shown for
comparison.

Table 4: Impact strength and hardness of composites containing
various amounts of CO

. CKD Impact strength Shore D

Comzosiice coils (Wt%) p(kJm‘Z)* ’ hardness*
LDP 0.0 85.5 (3.5) 47.5 (1.8)
LPC6 0.0 74.0 (0.7) 59.8 (1.2)
LPCC2 2.0 88.4 (8.5) 48.0 (1.0
LPCC4 4.0 90.2 (2.8) 49.3(0.3)
LPCC6 6.0 91.1 (0.6) 48.8 (0.7)
LPCC8 8.0 85.4 (2.9) 49.5 (0.0)
LPCC20 20.0 76.8 (5.9) 475 (0.8)

*Number between the brackets is the standard deviation

Generally, a significant change in the impact strength and shore D
hardness were observed when CO was added. All composites
containing CO had higher impact strength than that of the sample
with no oil added, which was generally even higher than that of
pure LLDPE. Furthermore, the impact strength of the composites
containing CO increased with increasing the amount of CO, where
the sample containing 6.0 wt% CO had the highest impact strength
value of 91.1 kJm? The shore D hardness of composites
containing 6 wt % CKD decreased noticeably with adding CO,
which was generally higher than that of pure LLDPE. At 8 and 20
wt% CO content, the impact strength decreased noticeably
compared to composites with 6 wit% CO. this is probably due to
the presence of high concentration of CO which starts to aggregate
together.
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Once again, the threshold value seems to be 6 wt% CO relative to
CKD. The increase in the impact resistance was attributed to the
good dispersion of the CKD particles in the polymer matrix as a
result of the presence of CO which acted as the coupling agent.
Coupling agents improve the interfacial properties of fillers and
polymers by reducing the interfacial tension which reduces the
agglomeration tendency of filler particles [34]. The latter could
lead to improve the accessibility of filler particles to polymer
molecules (i.e., higher surface area and thus good adhesion), which
will result in improved properties. As mentioned above, increasing
the impact strength of the composites by adding the CO was a sign
of good filler dispersion in the polymer matrix. The addition of CO
resulted in better dispersion thus better impact resistance.

Figure 4 shows the elastic modulus and elongation at break for
LLDPE/CKD composites containing 6 wt% CKD with various
amounts of CO. The elastic modulus and elongation at break for
composite containing 6 wt% CKD with no CO is also shown in 4
for comparison. The elastic modulus of all composites containing
CO was much lower than that of the samples with no CO. Also, as
the amount of CO increased, the elastic modulus remained largely
unaffected.

450 100
4 Elastic modulus
O Elongation at break

400 -
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300 1o

250 -
200 - 1 4°
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-5 o 5 10 15 20 25
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Figure 4. Elastic modulus and elongation at break of LLDPE/CKD
composites containing various CO contents.
Similarly, the elongation at break increased drastically in the
presence of CO, which remained largely unaffected by the amount
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of CO. This indicates that the addition of CO had a significant
effect on the interaction between polymer chains, which resulted in
a noticeable plasticization effect. It is known that plasticizers are
substances which are added to polymers in order to alter their
physical properties [32, 33]. They decrease the attraction between
polymer chains to make them more flexible, which result in a
decrease the plasticity and the viscosity of the polymer material. In
our study the CO acted as a plasticizer even at relatively low oil
content, which resulted in a significant effect resulting in
composite with relatively low elastic modulus. This is also evident
from the values of elongation at break of the composites
containing CO compared to that with no CO added. The elongation
at break increased from 16 % to 36-40.5 % when various amounts
of CO added.

As discussed above, the threshold value seems to be at 6.0 wt%
CKD relative to polymer and 6 wt% CO relative to CKD. The
addition of only 6.0 wt% CO to composites containing 6 wt%
CKD produced polymer composites with improved impact
resistance without significantly affecting other mechanical
properties such as elastic modulus, shore D hardness and
elongation at break of pure LLDPE. Figure 5 shows the stress-
strain curve of LLDPE/CKD composites containing 6 wt% CKD
with no CO and composites containing 6.0 wt% CKD with 6.0
wt% CO compared to pure LLDPE. Table 5 shows the impact
strength, shore D hardness and elongation at break of the
composites compared to pure LLDPE.

Table 5: Impact strength, shore D hardness and elongation at break
of the composite containing 6.0 wt% CKD with and without 6.0 wt%o
CO compared to pure LLDPE

Composite CKD CO Impact Shore D Elongation
code (Wt%o) (Wt%0o) strengzth hardness* at break
(kIm7)* (%)
LDP 0.0 0.0 85.5(3.5) 47.5(1.8) 44.5
LPC6 6.0 0.0 74.0 (0.7) 59.8 (1.2) 16.1
LPCC6 6.0 6.0 91.1 (0.6) 48.8 (0.7) 39.0
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Figure 5. Stress-strain curves of LLDPE and composites containing 6
wt% of CKD with and without CO.

Results clearly show the effect of adding CO on the mechanical
properties of the composites relative to pure polymer. Generally,
the composite changed from hard (high hardness and less impact
resistance) to soft material (low hardness and higher impact
resistance) by adding the CO.Even at relatively low CO content (6
wt% relative to CKD) the composite exhibited low shore D
hardness with improved impact resistance properties. CO also
increased the elongation at break of the composite, which was
closer to the pure polymer due to its plasticization effect as
indicated before. By subtraction the area under the curve of the
composite containing 0 and 6.0 wt% CO, one can see a clear
difference in the toughness of the final material. The addition of
CO to LLDPE/CKD boosts the toughness of the composites by
(0.54 Jm™) relative to that when no CO was added,thus enhancing
the impact resistance of the composite. The coupling agent effect
as well as the plasticization effect of the CO resulted in the
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formation of soft/tough composites with improved impact
resistance without affecting other properties.

4. Conclusion:
The addition of cement kiln dust (CKD) to linear low density
polyethylene (LLDPE) has changed its mechanical properties
drastically. High CKD content of 6 wt% resulted in poor
mechanical properties due to agglomeration of CKD particles as a
result of a low interaction between CKD and polymer chains. This
means that the presence of CKD particles without a coupling agent
reduced the polymer properties where it acted as physical knots to
hold polymer molecules, leading to hard/brittle materials. The
obtained composites had high elastic modulus, high shore D
hardness and lower elongation at break point. Furthermore, the
impact resistance, a property influenced by the distribution of filler
particles inside the polymer matrix, showed a significant decrease
due to a poor CKD particle distribution in the LLDPE polymer.
The addition of castor oil (CO) as the coupling agent led to
increase the amount of CKD content in the composite without
sacrificing the mechanical properties of the polymer. CO played a
vital role in increasing the interaction (thus adhesion) between
CKD particles and polymer chains, therefore good dispersion of
CKD nparticles in the polymer matrix could be achieved. The
presence of CO resulted in the formation of soft/tough composites
which are characterized by improved impact resistance due to a
better distribution of the CKD in the polymer compared to
composites with no CO added. These composites had also
relatively lower elastic modulus, lower hardness and higher
elongation at break point(plasticization effect).

5. Recommendations:

The addition of other fillers such as clay and natural fibers, which
can be obtained locally, is also widely studied. The effect of
adding Castor oil as the coupling agent for these polymer
composites could be also investigated. Various amounts of the
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filler and the coupling agent could be added and the mechanical
properties of the obtained composites can be studied.
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Abstract

Ceramics and metals bounded is the oldest recognized classes of
technologically useful materials. Due to some attractive properties
of ceramics compared to other metals, which make them useful for
specific engineering applications. In this present review article, the
research will illustrate the technique in which ceramic and other
materials are bounded and focus on two critical methods of
joining ceramic to metal, which are brazing and diffusion, some
important process parameters of brazing and diffusion methods
have been discussed in joint between the ceramic and metal, such
as temperature, time, wetting, pressure, in addition of the influence
of thermal expansion and interlay.

Keywords :Ceramic; Metal joining; Brazing; Diffusion.
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Introduction:

The ceramic-metal joints are used widely in the different
applications such as vacuum tubes, high voltage feed through,
transistor packages, sapphire-metal windows, rocket igniter’s
bodies and many others [1]. In recent years ceramic joining
techniques has received a large interest which make a successful
application of joining ceramic to other material producing many
devices and structures [2].Although, the successes of the
application ceramic joining technigue, there are many problems in
the process of joining and the methods of joining.This paper
provides an overview developing technology of ceramic joining to
other material; taking into account the aspects and the potential
application of joining techniques.

Literature review:

The ceramic has been produced in various forms for hundreds of
years. Recently, the introduction of ceramic/ metal joining is
important to apply the ceramic structure components which could
make the best use of the merit [4]. The below diagram,figure (1)
illustrates the ceramic - metal joining techniques and
application[1].

Joining techniques: key factor for the selectiop of an appropriate
joining method and therefore for the manufacturing costs is the
technical  requirements profile that demands from the
joined products a reliable function, sometimesin extreme
application conditions and often for over a decade [5].Moreover,
joining different materials is not an easy task. Atoms, ions, or
molecules in materials of different classes - ceramics, metals, or
polymers - are joined together in different ways, and therefore
characterized by particular combinations of physical-chemical and
mechanical properties. Joining dissimilar materials implies in
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property mismatches and structure discontinuities, which must be
accounted for and minimized.

Methods of
obtaining
| | '
Soldering Laser-beam Solid-state Plating Sintering
Fusion welding bonding
Active Ceramic Oxides ]
solders Ultra-compressive
solders

Auxiliary Friction Glass-metal Solid-state HIP

Thermal
layers reactions D PVD

spraying

electric field

bonding

Figure 1.The ceramic- metal joining techniques and application.

The figure (2) below shows a variety of metal-ceramic joining
processes, whose use mainly depend on the base materials to be
bonded and the application of the joined component, are either
currently available or under development. Ceramics and metals
can be joined together by mechanical, direct, or indirect processes

[6].

Metal/ ceramic joining

Direct

Solid

state

| Mechanical joining ‘ ‘ Indirect joining ‘

o

|Screwing“ Fltting | Clamping ‘ Brazing ‘ ‘Adhesive‘

Figure 2: shows a variety of metal-ceramic joining processes.
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Brazing :

Brazing is a joining process where in metals are bonded together
using a filler metal with a melting (liquids) temperature greater
than 450 °C (840 °F), but lower than the melting temperature of
the base materials. Filler metals are generally alloys of different
materials [7].The brazed joint is made in a completely different
way from a welded joint. The first big difference is in temperature.
Brazing doesn't melt the base materials. So brazing temperatures
are invariably lower than the melting points of the base materials.
And, of course, always significantly lower than welding
temperatures for the same base materials. If brazing doesn't fuse
the base materials, how does it join them? It joins them by creating
a metallurgical bond between the filler metal and the surfaces of
the two materials being joined. The principle by which the filler
metal is drawn through the joint to create this bond is capillary
action. In a brazing operation, you apply heat broadly to the base
metals, the filler metal is then brought into contact with the heated
parts, it is melted instantly by the heat in the base metals and
drawn by capillary action completely through the joint [8].

Brazing advantages:
These advantages of brazing joining techniques tolerate to jointed
wide range of dissimilar materials which is can be used in different
industrial application.

e Joint strength.

e Lower temperatures/lower cost.

e Maintains integrity of base metals.

e Dissimilar metals easily joined.

e Good joint appearance.
e Operator skill easily acquired.
e Process easily automated.
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Brazing parameters:

Types of joints: There are many kinds of joints. See figure (3)
show types of brazing joints But, the most braze joints are
variations of two basic types: The butt joint: The two pieces of
metal are positioned in an edge to edge, in an end-to-end
arrangement. The strength of the bond depends to a large extent on
the amount of bonding surface, but a properly formed butt joint
will be strong enough to meet many application needs .The lap
joint: the two metals overlap each other. Therefore, a stronger
bond is produced. Lap joints do have a double thickness in the
joint area, which may be a potential problem for applications
where space is restricted [9].

Good Bad
e e ‘ﬂ
Corners Cornars
BFM -
e s P
¥
L —— 3
—~| ar-67 = &

Non-paralel gap results in
incomplete BFM fiow in joint

Figure 3.Show types of Brazing joints.

At the same time, we have to take into account that the tolerances
(the gab) between the base materials has to be sufficient to let the
brazing filler metal to be spread.

Wetting:

The key step in the formation of a ceramic /metal interface is that
the contact between the two materials at the interface. The driving
force for the formation of a ceramic/metal interface is the
reduction in free energy when intimate contact is established
between the ceramic and metal surfaces. In order for this to
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happen, both surfaces have to be brought into intimate contact
which is usually accomplished by controlling the temperature and
atmosphere during interface formation [ 10].The prime required of
braze is that the connected pieces should be wet and able to spread
over the hole contact surfers, the mean characters is that the
contact angle ( o). Wetting is considering as an essential
prerequisite for the making of a good bond. However, that wetting
alone is not sufficient to guarantee good bond since wetting can
occur with either van der Waals or stronger "chemical” bonding
across the interface. Chemical bonding is usually associated with a
low contact angle in a sessile drop experiment wherein the liquid
itself has strong bonds. [11]. However, wetting means that the
contact angle between a liquid and a solid is between 0" and 90°,
Which is important requirements for the formation of a strong
chemical bond. A successful joint means is that the two surfaces to
be bonded (or each surface and some third adhesive material) must
be brought into intimate contact. If the angle is greater than 90"
that means non — witting which is will lead to weak bond. See
figure (4)illustrate wetting contact angle.

Qualification of the wetting:
Contact angle

< 90° = 90° > 90°

acceptable acceptable ' failure

VAPOR |

Figure 4.Wetting contact angle.
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Filler Metal:

Filler metal is the term used in brazing to describe the alloy or
(metal) which forms the joint. Moreover, this metal is placed
between the two bounded materials, and it should have a lower
melting point them to be melted and allowed to solidify forming
the joint within a brazing assembly [12]. See figure 5 show filler
metal types. Selection filler metal depends on some factors such as
the materials being joined, metallurgical compatibility between
filler and parent metals. Service conditions, operating temperature,
environment, Joint design and brazing process — certain filler
metals are not compatible with certain brazing processes.
Moreover, filler metal is classified into two categories, and it is
depending on brazing process type: Active filler metal: include
the presence of an active element, such as Ti or Nb in its
composition. It is used for direct ceramic/ metal brazing, usually
melt between 700 °C and 1000 °C. Non-active filler metal: are
significantly cheaper but require prior metallization of the ceramic
substrate to grant enough wetting so an interface (usually reactive)
is formed [13].

Filler metal Filler metal wicks
melts in to the base
metal to form
alloy

Figure 5.Fillermetal types.

Joining processes:

The common processes of conducting the brazing operation in all
cases are similar and can be broadly described with the six stages
as shown below in figure 6[13].
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Stage 1: Joint Design

The components are arranged with a gap
between them engineered so that the joint
clearance s correct at the brazing temperature
(accounting for thermal expansion) 1

Stage 4: Heating

Components are heated to the brazing
temperature. A ‘jig’ may be needed to keep
components in the correct position

Stage 2: Cleaning

Components are cleaned to remove grease, dirt and

surface oxides. The cleaning process used will vary with
the contaminants present on the surfaces.

'he sample surface is made to be an adequate roughness,

Stage 5: Filler Application

Filler metal is applied and capillary action
draws the filler metal into the joint. Note:
many forms of filler metal are applied directly
into the joint prior to heating e.g. foll or paste

Stage 3: Oxidation Prevention

Oxide fayers are removed. This can be done by
applying a flux or by undertaking the brazing
operation under a reducing atmosphere or ina
vacuum

Stage 6: Cooling

The assembly is cooled and filler metal
solidifies. Any flux residues (if used) must be
removed by an appropriate cleaning method

Figure 6.Brazing joining process
Diffusion:
Diffusion bonding is a solid-state joining process by which two
nominally flat surfaces are joined at an elevated temperature under
a low mechanical pressure in a high vacuum, in an inert
atmosphere [14].Moreover, it is primarily employed in the joining
of dissimilar materials, it can be achieved directly or through the
use of interlayers. There are four different types of joints can be
obtained [15]. In order to obtain maximum joint strength an
optimum temperature, time and pressure should be applied.
1. Identical materials.
2. ldentical materials with a narrow interlayer which consists of
another material.
3. Dissimilar materials.
4. Dissimilar materials with a narrow interlayer which consists of
a third material.
In addition, diffusion bonding of ceramics to ceramics and to
metals is effects by operational variables on joint strength
parameters including temperature, time and pressure. The diffusion
joining technique is commonly associated with metal-metal joining
or metal-ceramic joining. Moreover, the surface conditions of the
materials to be jointed, namely flatness, roughness and cleanliness
are vital factors during the diffusion bonding process. Also,

W‘J?M@JA‘M
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joining temperature, pressure and atmosphere are important
variables of this joining process [16].

Diffusion advantages:

The advantages of diffusion joining techniques allow joining a
variety of materials with ceramic:

1. Bond strength similar to that of the base metal.

2. Minimum distortion and deformation, and hence, accurate
dimension control.

3. Thin and thick sections can be joined to each other.

4. Large surfaces can be more effectively joined compared with
welding.

5. Excellent corrosion resistance, because no fluxes are required
[17].

Diffusion Parameters:

The main process parameters in diffusion bonding are temperature,
time and pressure are.

1- Temperature:

Temperature is one of the most important one due to the fact that
in thermally activated processes, a small change in temperature
will result in the greatest change in process kinetics (diffusion,
creep) compared with other parameters; and virtually all
mechanisms in diffusion bonding are sensitive to temperature. In
general, the temperature required to obtain sufficient joint strength
is typically within the range 0.5-0.8 of the absolute melting point
of the base material. In addition, the theory of Kinetic shows that
the effect of temperature on diffusion as the equation:

Where: D:Doe(_%>

D: Diffusion Confession . Q: Activation energy.
Do: Constant. R: Gab constant.
T: temperature.
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Moreover, the joining strength (Bs) can be effected by temperature.
This can be given by the relationship:

Bs = Boe™* — Qapp/RT)
Where:

Bo: Constant (Mpa).
Qapp: retreatment an apparent activation energy.

2- Time:
Time The effect of bonding time on reaction layer thickness can
be roughly estimated from the following well- known expression:

X =k(D.t)"

Where:
K: is a constant, D: the diffusion coefficient, And the time
exponent n is = 0.5.

In many cases, the diffusion process may be dependent on the
concentration of the diffusing element [18].Under such conditions,
there is an optimum time, where sufficient wetting or interfacial
reactions have occurred that produce a thin reaction product layer
to produce a good joint. Then there is a detrimental excess time,
where their actions proceed to form some products, usually that
causes a weak joint. Moreover, the strength point can be expressed
by the following relationship

1
Bs=By" .

3- Pressure:

The pressure applied in diffusion bonding is typically some small
fraction of the room-temperature vyield strength to avoid
macroscopic deformation. Moreover, this will increase the contact
area subsequent to initial contact between the surfaces with a
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consequent reduction in the number of voids remaining from the
initial stages of bonding.

In practice, it is clear that the applied pressure affects joint strength
by helping to break up surface oxides present at the joining
interface. However, it is reasonable to assume that the effect of
pressure is closely linked to the type of material being bonded
[19].The relationship between time, temperature and pressure are
illustrates in figure 7[20].

P v T
[MPa] [Pa] [K

le— ¢, —»L— ty ﬁlqi te —4 Time[hr]

Figure7. The relationship between time, temperature and pressure.

P (MPa) static pressure

V (Pa) vacuum condition

Ty (K) temperature of bonding
t, holding time

ts starting vacuum time

t. cooling time
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4- Interlayer metal:

The use of interlayers in diffusion bonding is required for many
applications in order to reduce bonding temperature, bonding
pressure, bonding time and residual stress.

5- Joint processes:
The Thermal Expansion: The main problem in joining ceramic to
metal is that the thermal expansion mismatch between the ceramic
and the material to be jointed cussing the crack of the ceramic
during the joining process due to the higher coefficients of the
material than the ceramic, [21].
Ceramic — Metal:
Throughout the ages of the development for new materials, and the
improvement of existing materials as a result, materials are being
tailored to meet specific applications. Ceramics technology plays a
particularly important role, and hence has emerged as driver of
technological progress in many industrial sectors: The first
ceramic —metal technology was found in1931 producing the
(Titanit). The second ceramic — metal technology was introduced
by Ford Motor Company in 1954 named (TiC).The third ceramic
— metal technology was introduced in 1974 under name (TiN).
Over the time many studies and researches in Japan, Europe and
USA introducing new technology of ceramic — metal productions
and application addressing pressing industrial and societal
challenges in the highly competitive contemporary world
Historically, over the past half of century material - based
ceramics have been classified in two main categories as shown
figure 8 : Traditional Ceramic sand Advanced Ceramics [22].
Moreover, based on composition of materials and base ceramic
there are three main compositional classes of engineering ceramics
the oxides, non-oxides and Composites [23].The tablel below
gives the general properties and most used ceramics.
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Tablel: Gives the general properties and most used ceramics.

Alumina

zirconia

" Oxidation

resistant
chemicallyinert

electrically
insulating

low thermal

\conductivity

Ceramic

rbiaes

borides

Composites

Ceramic

combinations of
oxides and non-

oxides
(" Low oxidation
resistance i N
Toughness
EaiEn= low and high oxidation
hardness _
e resistance
che;'l:::llv variable thermal and
electrical conductiviby
high thermal :
N complex manufacturing
conductivity
R Processes
(i high cost.

329

Copyright © ISTJ

W\JeMMJM\M



International gt A

Science and Technology Journal Volume 24 1l [T —

iy asiall gl Alnal January 2021 x\< I S TJA

Moreover, compared to materials, ceramics are hard, high
chemical and mechanical as well as stable at high temperatures. It
can be used for joining to fulfil several requirements and typical
properties needed in severe environments regarding industrial
applications. In addition, appropriate joining adhesives and cost
efficient techniques must be selected the figures9 below show
some examples for appropriate ceramic joint applications [22].

Kicker tube of a particle accelerator, Vacuum insulators with insulating
consisting of externally copper-plated  tubes made of Al,O; welded with ISO-
Al,O3 with brazed metal flanges on KF or CF flanges
the front edge.

Figure 9.Examples for appropriate joint application.

Conclusion:

Advanced materials generally required advanced of new joining
techniques, as this crucial to integrate them into functional
structure and to widen their application use. However, the
successful application of these advanced ceramic to material
joining depend on strongly on the joining process .In addition,
Diffusion bonding and brazing are two common techniques for
producing a high quality and reliable ceramic joints since these
processes are cable of joining a wide range of materials to ceramic
offering to many industrial applications.
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Abstract:
This paper investigates the potential of increasing spectrum

efficiency and minimizing the increased demand for unlicensed
spectrum emerged by the growth of modern technologies. It have
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shown that cognitive radios capable to achieve such demand. In a
smart and rapid fashion, cognitive radios have to jump in and out
of unused spaces to increase spectrum efficiency and provide
wideband services for several application domains. The proposed
scenario suggests that a cognitive radio user can sense the licensed
spectrum and make autonomous decisions about how it accesses
the unoccupied spaces. However, meeting this huge demand for
extra frequency bands is a challenge. The main challenge is the
interference caused by the unlicensed users due to the error sensing
outcomes when the most spectrum bands have been allocated. In
this concern, | develop a mechanism that based on multichannel
scenario and makes efficient decisions to mitigate the interference
and maximize the spectrum efficiency. The simulation results have
demonstrated that high spectrum efficiency can be achieved when
a threshold level is adapted according to the ratio of the licensed
user’s signal power to noise POwWer.

Keywords: cognitive radio; spectrum sensing; spectrum efficiency

1. Introduction

Recent studies about spectrum utilization indicate that not the
whole spectrum is used in some geographic locations or in
different period of time. Therefore, most of today’s radio systems
aware of sensing and understanding its local radio spectrum to
identify the temporarily vacant spectrum and allow unlicensed
systems to use it temporarily. This has the potential to provide
higher bandwidth services for others and increase spectrum
efficiency. This approach will minimize the need for centralized
spectrum management as well as the increased demand on more
spectrum spaces. These strategies could be achieved by a radio that
can make autonomous decisions about how it senses and accesses
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the spectrum. Investigations have demonstrated that cognitive
radios (CRs) have the potential to do such intelligent mechanism.
So cognitive radios have the potential to jump in and out of
unutilized spectrum spaces increasing the spectrum efficiency and
providing wideband services [1].

In CR networks, spectrum management can be composed of four
major steps: sensing, decision making, sharing, and mobility. To
avoid any potential interference, cognitive radios should have the
ability to perform spectrum sensing continuously. The importance
of continuous sensing is to recognize the status of the radio
spectrum environment. Once white holes are identified, i.e. unused
spectrum, the cognitive radio needs to change its transmission
parameters to meet the environment conditions in which it
operates. Therefore, spectrum sensing can be considered as the
main issue that has to be considered to enable the CR users to
explore vacant spectrum opportunities and then to avoid
interference with the primary users. In addition, spectrum access
techniques have responsibility of enabling CR users to share the
spectrum resource by determining which and when a user can
access the spectrum [2]-[3].

In addition, developing cooperative sensing schemes among
multiple CR users to optimize the detection performance is needed.
Some introduced solutions suggest to approximate the maximum
probability of detection approach for any given probability of
false-alarm. It have also shown that a cooperative spectrum
sensing scenarios can improve detection accuracy to minimize the
sensing errors and hence avoiding the collisions with licensed
users. Moreover, by using the asymptotic properties for spectrum
sensing, it has demonstrated that a spectral feature detector can
achieve some optimality at very low SNR [4]. Generally,
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cooperation among users can improve the performance of the
overall spectrum sensing, maximize the probability of detection,
and mitigate the problem of spectrum scarcity as well as the
receiver uncertainty problem [5]-[6]. However, some other issues
influence the network performance such as detecting the primary
signal at certain signal to noise power ratios did not meet enough
investigation. This work investigates a sensing scenario, which
exploits the available frequency bands of the spectrum to offer an
opportunity to the unlicensed users to make efficient decisions to
utilize the spectrum. Moreover, an adaptive scenario is
implemented to adjust the threshold level to mitigate the
interference and improve the spectrum efficiency considering
different signal to noise power ratios.

2. Design Description

To implement the idea of simulating a cognitive radio system to
realize the unused spectrum and increase the total system
efficiency, a robust system for spectrum management has to be
done efficiently in cooperative environment. Such scenario allows
the unlicensed users to coexist with the licensed users carefully. As
the licensed users have high priority to use their spectrum, CR
users should have the ability to vacate the bands and move
dynamically to other spectrum holes once the licensed users
further use these bands, or they might change their transmission
parameters to avoid any expected interference.  Certainly
accessing the spectrum dynamically using CR techniques could
minimize the issue of spectrum management whilst maximize the
spectrum efficiency. For realistic radio measurement, noise and
attenuation parameters can be considered to analyze the spectrum
characteristics. Based on the traditional estimation and detection,
the performance of the sensing scheme can be summarized with
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two probabilities, the probability of detection and the probability
of false-alarm. Thus a sensing error may occur if a primary signal
on the considered band is not sensed when it truly is present, or
when the CR incorrectly deciding that the considered band is
occupied when it actually is not.

Therefore, the important task performed by a CR system is testing
the signal power to a certain threshold. The real work on detecting
the primary signal is coming up with an appropriate threshold to
perform the process successfully. Generally, the threshold is a
function of both the probability of detection and the probability of
false-alarm. It is always desirable to have a detection threshold that
maximize the probability of detection and keep the probability of
false-alarm at certain acceptable level. However, in real
applications, the noise power is unknown and need more focus to
be addressed deeply. The detection threshold, T, can be expressed
as follows [7]:

T = aP, (1)
Where P, is the noise estimate and o is a threshold factor.

3. Simulation Results

In this section, simulation results are presented and we consider
that the licensed spectrum is divided into five independent
frequency bands. Figure (1) shows the occupied bands of the
spectrum before applying the sensing process. It is noticed that
three frequency bands are still unutilized and can be allocated to
the first joined user.
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Figure 1. Licensed spectrum with five independent frequencies where the

bands 2 and 4 are occupied

Considering that a CR user joined the network, it will start
immediately the sensing process to avoid any interference with the
licensed users. As three bands are still unutilized, the joined user
will be assigned one of these bands. Figure (2) shows the power
spectral density of the carrier signal after the band one is assigned
to the joined user.
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Figure 2. Licensed spectrum with five independent frequencies after a
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Proceeding with the simulation results, to investigate the impact of
sensing errors on the spectrum performance, the probability of
detection and probability of false-alarm are considered in this
scenario. In this context, a threshold level is adapted according to
the ratio of the licensed user’s signal power to noise power. Figure
(3) shows the spectrum efficiency versus the SNR curve. It can be
observed that the spectrum usage increases with the increase of
SNR. To ensure more spectral efficiency, the detection threshold
should be adapted through decreasing the probability of missed
detection. This is can be achieved when the probability of missed
detection is minimized to be 0.01, approximately at 7dB of SNR.
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Figure 3. Spectrum efficiency vs. SNR considering sensing errors

However, such results can be achieved only when the missed
detection is minimized at certain level as mentioned above.
Accordingly, the detection threshold increases with the increase of
SNR which also leads to an adapted false-alarm. The fact behind
the obtained results can be depicted in Figure (4). It can be seen
that at a given SNR, as the false-alarm probability increases, the
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probability of detection increases. It is obvious that considering
low SNR will affect the probability of detection due to more
collisions are expected. This can be avoided by adapting the
detection threshold through increasing the probability of missed
detection while keeping the probability of false-alarm at limited
levels.

Monfluctuating Nencoherent Receiver Operating Characteristic (ROC) Curves
1 T T T

Figure 4. Probability of detection vs. probability of false-alarm with
different SNR levels

4.Conclusion

Cognitive radio technology offers considerable improvement on
network performance and spectrum efficiency. In this work, it has
shown that the CR user can make efficient decisions after sensing
multiple frequency bands of the licensed network. Therefore,
through accessing and utilizing more licensed spectrum, the
increased demand on spectrum emerged by today’s technologies
can be addressed by spectrum management. On the other hand, the
development of cognitive radios meets many challenges due to
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error sensing. The sensing errors lead to more interference with the
licensed users which not desired. Developing the described
scenario, the impact of sensing errors on the licensed spectrum is
considered. It has shown that adapting the detection threshold
according to the ratio of the licensed user’s signal to noise power
will leads to more spectrum utilization and spectrum efficiency.
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Abstract

The present paper investigates a problem related to improving the
dynamic characteristics of a truss structure with the goal of
avoiding certain dynamic problems. The procedure is based on the
analysis of the distribution of potential and kinetic energies in all
elements of a truss structure. These energies would in turn give a
prediction of the elements that needs to be re-analyzed and
eventually removed. The resulting truss would be an optimized
structure that has an improved dynamic behavior with respect to its
natural frequencies. The Reanalysis technique based on structural
dynamic modification (SDM) is accomplished using Finite
Element Method (FEM). To this end, an algorithm has been built,
based on FEM, to obtain the distribution of kinetic and potential
energies in the truss elements. Seeking the optimum condition of
design, the main aim of the dynamic modification is to increase the
natural frequencies and increase the spacing between them. An
example illustrating the efficiency of the procedure is
demonstrated and the results has proved the goal of the proposed
methodology.

Keywords: dynamics characteristics, Truss Structure, FEM, SDM,
Kinetic energy, potential energy, reanalysis.

Introduction

Structural Dynamics Modification (SDM) is an effective
technique to improve the dynamic characteristics of a structure,
such as natural frequency, mode shape and frequency response
functions. Although this topic has been widely studied in the
previous decades, the methodology of modification (reanalysis) of
the structure continues under investigation. Several studies have
been addressed to the subject of modal reanalysis and structure
dynamic modifications. Few surveys have been conducted [1, 2, 3,
4,1 for this purpose. There are two opposite approaches for
structural dynamic modifications, the direct structural modification
and the inverse structural modification. Reference [5] presented a
basic theory for determining the solution existence of frequency
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optimization problems for truss structures. This theory suggests
that the natural frequencies remain unchanged when a truss is
modified uniformly and that the natural frequency constraint is
usually the key constraint in determining the solution existence of
a truss dynamic optimization problem. The optimization criterion
for three dimensional truss structures with multiple constraints on
its natural frequencies is considered in [6]. Nodal coordinates and
cross sections of elements, although of different nature, have been
treated simultaneously in unified design specification for the
minimum weight of the structure. The approach which is used in
this paper is direct structure modification. The direct structural
modification problem is treated as prediction problem which is
concerned with determining the dynamic response of a structure
brought about by modification. Hang et al. [7-10] proposed an
approach to predict the effects of distributed structural
modifications with additional DOFs. G. Canbaloglu and H. N.
Ozgiiven [11] presented an approach for predicting the dynamic
response of a structure with distributed modifications from the
response of the original structure itself and dynamic flexibility
matrix of the modifying structure. The performance of this method
was investigated by applying it to a real structure. Successful
results were obtained. Accordingly, they concluded that the
structural reanalysis method proposed can be successfully and
efficiently used for structures with distributed modifications.
Hanbing Liu et al. [12] proposed a new method to calculate the
dynamic characteristics of the structures rapidly after each
modification. In this method, the structure is decomposed into
relatively simple substructures. Accordingly, the modal synthesis
method (MSM) was applied to obtain the dynamic characteristics
of the whole structure.

The proposed method, used in this paper, is based on the
distribution of potential and kinetic energies in all elements of the
structure. Therefore, the elements that need modifications can be
easily identified. Through reanalysis procedure, the dynamic
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behavior of the structure is calculated in every step. This
methodology has been proposed by Ki, I. K. [13], and later
developed by Maneski, T [14] to investigate the dynamic behavior
of a complex real structure using the procedure of reanalysis.

Distribution of modal potential and kinetic energies
For an undamped system, which is not subjected to any external
force, the equation of motion in matrix form is defined by [15],

[M]-B®+[K]-{Qw)} =0} (1)

The eigenvalues of this equation for i-th mode shape can be
expressed as,

[K]-{Q -4 [M]-{Q, }= 1o} )

Where A, is the r-th eigenvalue, and Q is the r-th eigenvector of
the structure.

Multiplying the left hand side of equation (2) by the r-th
eigenvector one can get,

2 ) | @)

Equation (3) is the balance equation of potential and kinetic
energies for a structure in main modes of oscillation. Furthermore,
the potential energy of a structure at the r-th main mode of
oscillation, having in mind the previous equation, can be written
as,

e, =310 MKl
: (4)

Analogously, the kinetic energy is given by,
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: ()
Theoretically, the total energy conservation at mode shape r
implies that,

Ep,r = Ek,r = Er . (6)

The total kinetic and potential energies of the structure calculated
at the r-th mode shape is the sum of energies of all elements,
represented by,

£ = Dole) =320t [ml )

e=1 e

oK) foc,
)

Eor = i(ep,r) =

e=1 e

N |-

Where (e, ), :%{qf}l [kL{as ), is the potential energy of e-th

r r r

element at its r-th mode shape, e, =%co2 el [ml.{ac}, is the
kinetic energy of e-th element at r-th mode shape of oscillation,

and {qrs }e is the corresponding r-th eigenvector of the e-th element
with s degrees of freedom.

Consequently, the potential and Kkinetic energies distribution
throughout all elements of the structure can be analyzed. In
addition, the natural frequencies and corresponding mode shapes
are also calculated, and the procedure for the Structural Dynamic
Modification (SDM) can be applied. The following points should
be noted when applying the SDM algorithm:
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I. Elements with negligible kinetic and potential energies,
when compared to other elements
ii. Elements with dominant kinetic energies, when compared
to their potential energies
iii. Elements with dominant potential energies, when
compared to their kinetic energies

Reanalysis algorithm
The SDM reanalysis algorithm is described in the following steps,
where a FEM code using Matlab® was built for its implementation:

Step 1. The analyzed structure is divided into an appropriate
number of finite elements for which the kinetic and potential
energies are calculated for each individual element.

Step 2: The values of potential energy and kinetic energy, as well
as the corresponding energy differences, are compared with each
other.

Step 3: The elements with very small kinetic or potential energies,
compared to the total energies of structure, do not have significant
effect on the dynamic behavior of the structure, at least not in the
current algorithm, which is the goal of this paper. In general,
reducing the mass of those elements, or removing them, lightens
the weight of the whole structure without greatly affecting its
dynamical behavior.

Step 4: For those elements wheree, >> ., the eigenvalues can be

increased by increasing the stiffness of the structure. The
modifications needed to increase these values are not arbitrary, but
they are accomplished according to the principle of energy
distributions through the elements of the structure.

Step 5: For those elements wheree,, >>e, , the eigenvalues can be

increased by decreasing the mass of structure. Also, this operation
can be done based on the distribution of energy through the
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elements of the structure. According to many criteria [14],
decreasing of mass is generally a desired type of modification.

Step 6: Most often, elements with close values of ey and e are
taken into account in the reanalysis procedure. In this case, the
reanalysis of the structure is done based on the gradient of
potential and kinetic energies Ae, —Ae, between the modified

and the original system.

Step 7: When the desired value of increase is achieved, it is
possible to conduct the check of modified structure by running the
FEM code with modified parameters. If the difference of energy
increase on the redesigned places is less than the previous, that
means that the procedure converges. Convergence is the goal of
every optimization procedure.

Case study

The structure used as a case study consists of 21 truss elements and
its dimensions are as shown in Figure (1). The AISI 1040 steel
trusses data are as follows: cross-sectional area A=0.0025m?,
Young’s modulus E=200Gpa, mass density p=7860kg/m°.

3 ® 5
5)—|’ ® ® ® ) © ® @ ® @ @
1 |2 4 |7 8 11 2 .
Ao o 5 6 0
le N
[ 24m g

Figure (1). Truss structure used as a case study.

The model was solved using FEM Matlab-code and the first five
natural frequencies in rad/s are found as follows:

348 Copyright © ISTJ 4B ghaa okl (G48a
wu ?3""“ @3.\1\ M



International gt A

Science and Technology Journal Volume 24 2l P ———

{4l pshll dp) Alsa) January 2021 I ST |.I /\(

®1=133.6, 0,=265.4, ©3=434.9, 04,=670.1, 0s=754.6.

The kinetic and potential energies for each element are calculated.
Figure (2) shows the percentages of kinetic and potential energies
of each element of truss compared with the total kinetic and
potential energies of whole structure. The total weight of the
structure is calculated to be mg;=1670.25 Kkg.

0.18
0.16
0.14
012

01
0.08
0.06
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i 3 5 ¥ 9§ 11 13 15 17 18 21

W kess

M pe %%

Figure (2). Percentages of kinetic energy (ke) and potential energy (pe)
of truss elements.

From the above figure, one may notice that the elements (3, 7, 11,
15 and 19) has almost zero potential energy and high kinetic
energy. Therefore, as a first modification, elements (7 and 15) can
be eliminated to improve the natural frequencies of the truss based
on the proposed technique. Figure 3 shows the modified truss.

The reanalysis technique has been done for the modified model,
and the first five natural frequencies in rad/s are found as follows:

w, = 152.8, w, = 281.5, w3 = 505.5, w, = 675.8, ws = 862.9.
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Figure (3). Modified truss structure after removing elements 7 and 15,
and remeshing/renumbering.

The percentage of kinetic and potential energies for each element
are calculated and shown in Figure (4). The total weight of the
structure is calculated to be 1552.35 kg.

0.25

0.2
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Figure (4). Percentages of Kinetic energy (ke) and potential energy (pe)
of truss elements, after removing element 7 and 15, and remeshing.

The obtained results show that the dynamic characteristic
parameters have been improved. Based on the proposed method,
this improvement can be increased by removing the elements
which have higher kinetic energy and low potential energy.
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According to figure (4), these elements are 3, 9, and 15. Figure (5)
shows the remishing of the final proposed modified model.

24m

Figure (5). Modified truss structure after removing elements 3, 9 and 15,
and remeshing/renumbering.

The FEM is again applied to this model, and the first five natural
frequencies are found, in rad/s, as follows:

w, = 1824, w, = 314.1, w; = 648.7, w, = 834.7, ws = 1051

Also the percentage of kinetic and potential energies for each
element are calculated and shown in Figure (6). The total weight of
the structure is calculated to be 1375.5 kg.

0.45
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g 4

1 z 3 4 5 = 7 B 9 10 11

Figure (6). Percentages of Kinetic energy (ke) and potential energy (pe)
of truss elements, after removing elements 3,9 and 15, and remeshing.
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As mentioned perversely, figure (5) shows the final proposed
modified model for the truss structure. This model has the best
results compared with other previous models.

The first frequency of this model is w; = 182.4 rad/s , which is
considered a higher value in all models which makes this model is
more stiff compared with the original model. In addition, this
model has higher values of natural frequencies with lowest total
weight of truss structure 1375.5 kg (17.64 % decreases).

Conclusions

In this paper, the methodology of structural dynamic modification
using the distribution of kinetic and potential energies is presented.
The aim of the current investigation is to modify a truss structure
such that its natural frequencies are increased in value, the gap
between adjacent natural frequencies are broadened, and the
weight of the structure is lowered. These goals were achieved
using a procedure that depends on removing certain members of
the structure based on the analysis of their kinetic and potential
energies. The proposed methodology has been tested on a truss
structure using Finite Element Method, and has approved to be
efficient. Although this method is applied on a truss structure, it is
applicable for other types of structures such as beams, frames,
shells and plates.
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Abstract:

The green synthesis method of a-Fe,O3; nanoparticles has
advantageous over other physical and chemical methods. In the
present study, green synthesis of hematite (a-Fe;O3) nanoparticles
was carried out via an eco-friendly method using aqueous ferric
chloride solution (FeCl3.6H,0) as precursor and the aqueous
extract of Menthapiperita leaves as a reluctant and stabilizer. The
precursor salt solution and stabilizer agent were mixed in a 1:1
volume ratio at room temperature. The synthesized o-Fe,O3
nanoparticles were characterized by UV-VIS absorption
spectroscopy, Fourier transform infrared spectroscopy (FTIR) and
X-ray diffraction (XRD). The a-Fe,O; nanoparticles showed
absorbance peak at 430 nm region in the spectral analysis.As well
as, the band gap energy of a-Fe,O3 nanoparticles determined from
UV-Visible spectra with the help of Tauc plot was 2.602 eV. FTIR
spectra confirmed the presence of poly phenols, which are
responsible for the reduction of Fe** ions and efficient stabilization
of a-Fe,O3 nanoparticles. The XRD result revealed that the
average crystallite size of a-Fe,Os; nanoparticles was 8.8 nm.
Furthermore, the mechanism of a-Fe,O3; nanoparticle formation
has also been discussed.

Key-words: Hematite (o-Fe,O3) Nanoparticles, Green Synthesis
Menthapiperita, Characterization, Mechanism.
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1. Introduction:
Nanotechnology is a multidisciplinary branch of science that
includes various areas of science and technology, including
biomedicine, pharmaceutics, environmental, science, and others.
Nanotechnology is one of the most exciting fields which are used
to describe the formation and utilization of materials with
structural features between those of atoms and bulk materials with
a minimum of one dimension in the nano range. Nanoparticles are
the simplest form of structures with sizes in the range between

almost 1 and 100 nanometers. Nanotechnology and nanoparticles
based products and applications have increased nowadays due to
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biological effectiveness. Furthermore, it is well known that
inorganic nanomaterials are good antimicrobial agents [1].
Nanoparticles exhibit an intensive range of properties such as
lower melting points, higher surface area, mechanical strength,
specific optical properties specific magnetizations, and biological
activity [2, 3] which is different from that of their bulk materials.
Processes used for metal oxide nanoparticle synthesis are
chemical, physical, and a recently developed biological method.

Iron oxide nanoparticles (IONPs) have attracted much concern
owing to their unique properties, such as super paramagnets,
surface-to-volume ratio, greater surface area, a propensity to
agglomerate and easy separation methodology. Common kinds of
iron oxide are hematite (a-Fe,03), maghemite (y-Fe,O3) wustite
(FeO) and magnetite (Fe3O4). Recently, nano-crystalline a-Fe;O3
is one of the most useful materials for photocatalytic and photo-
electrochemical applications due to its narrow band gap (2.0-2.2
eV), which could collect up to 40 % of the solar spectrum energy
[4]. The a-Fe,O3; nanoparticles exhibit great stability in aqueous
solutions and good magnetic properties. The crystal structure of
hematite a-Fe,O3 is rhombohedral system and it shows a weak
ferromagnetism at 300K. The hematite a-Fe,O3; is an n-type
semiconductor which has attracted substantial interest because of
their potential applications, including pigments, gas sensors, an
anode material, optical devices, medicine applications and it used
as catalysis [5-8]. It can also be used as a starting material for the
synthesis of magnetite (Fe;04) and maghemite (y-Fe,Os), which
have been intensively pursued for both fundamental scientific
interest sand technological applications in the last few decades [9].
A various available methods have been developed for synthesis
ofa-Fe,O3nano-particles, including hydro thermal synthesis [10],
polyol method [11], sol-gelmethod [12], ultrasonic spray pyrolysis
[13], chemical vapor deposition [14], co-precipitation [15] and
pulsed laser deposition [16]. However, these methods are usually
expensive and labor-intensive and are potentially hazardous to the
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environment and living organisms. Therefore, using the
phytochemicals present in plants as bio-reductants is attaining a
greater impetus. Different parts of plant materials such as leaf
extracts, fruit, bark, fruit, peels, root, and callus have been focused
on the synthesis of metallic nanoparticles [17].

The chemical and physical methods for nanoparticles synthesized
are suffering from drawbacks. In this work, we successfully
synthesized o-Fe,O3; nanoparticles through a rapid, simple, and
economical route, without any hazardous chemicals as reducing or
stabilizing agents. Moreover, the use of water as a solvent for the
preparation of the extract is considered to be the cheapest and
greenest method for the production ofa-Fe,O3 nanoparticles.
Among several plants, Menthapiperita Leaves (Lamiaceae family)
is commonly known aspeppermint. The Peppermint with
vernacular names of “nana”, a plant is one of the herbs most
extensively used worldwide, with an extended history as a medical
plant. It contains large amounts of polyphenols that are
biodegradable and soluble in water at room temperature and have
molecules carrying hydroxyl groups that can be used for the
reduction and the stabilization of the nanoparticles [18, 19]. The
abbreviations used throughout the paper are described in Table 1.

Table (1): List of abbreviations used throughout the paper.

Abbreviations | Definitions

UV-vis Ultraviolet-visible

FTIR Fourier transform infrared spectroscopy
XRD X-ray diffraction

NPs Nanoparticles

FWHM The full width at half maximum

Pos. [°2 Th.] Position [°2 Theta]

2. Materials and Methods
Fresh leaves of Menthapiperita plant were collected from Az-
Zawiyah, Libya. Ferric chloride hexahydrate (FeCl;.6H,0) was
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purchased from Sigma Aldrich. The a-Fe,O3; nanoparticles were
synthesized by the green synthesis method using ferric chloride as
a precursor and plant extract as reducing and capping agents. The
crystal structure of the sample was analyzed by using the XRD-
6100 diffractometer (Shimadzu), and the patterns were recorded
with Copper Ka radiation (A=1.54060 A). Molecular analysis of
the sample was performed by Fourier transform infrared (FT-IR)
spectroscopy  using  IRAffinity-1S(Shimadzu)  spectrometer,
recorded in the wavenumber range of 500-4,000 cm™. The
maximum optical absorption of the sample was characterized by
UV-Visible Spectroscopy (JASCO V 670), in the range of 200-
800nm. The optical characteristics of a-Fe,O3 nanoparticles were
analyzed from ultraviolet-visible  (UV-vis)  spectrometer
measurement. The optical band gap was determined using Touch’s
plot method hv versus (ochv)l/ 2 where a and hv denote the optical
absorption coefficient and photon energy respectively.

2.1 Plant Extract Preparation:

A 20 g of Menthapiperita leaves were washed thoroughly with tap
water and then rinsed with distilled water until no foreign material
remained. The leaves were finely cut and were boiled for 15 min
with 100 ml of distilled water in 500-ml Erlenmeyer flask. The
aqueous extract was filtered through What man No. 1 filter paper.

2.2 Synthesis of Hematite a-Fe,O3 nanoparticles:

Hematite a-Fe,O3 nanoparticles were synthesized by adding
freshly prepared leaves extract to FeCl3.6H,0 solution (0.1 M) in a
1:1 volume ratio. The immediate color change of the ferric
chloride solution from light brown to black was observed and
confirmed by spectrophotometric determination. The formation of
a-Fe,O3 nanoparticles was marked by the appearance of the black
color. The a-Fe,Osnanoparticles were separated by centrifuging at
3000 rpm for 15 minutes, and dried in the open air for 24 hr. All
the following procedures were performed at room temperature and
under atmospheric pressure.
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3. Results and Discussion

3.1 UV-Vis spectroscopy:

The formation of hematite a-Fe,O3 nanoparticles was observed by
UV-vis absorption spectroscopy (Figure 1). Initially, the leaves
extract had a yellow color and showed higher absorption peaks at
the region 200 to 350 nm. It indicates that the leaves extract had
free phytochemicals. After the addition of leaves extract to ferric
chloride solution, a black-colored colloidal solution was formed.
The spectra of the black-colored colloidal solution show the
disappearance of strong absorption peaks at the region 200 to 350
nm and emerge a sharp peak at higher wavelengths region at 430
nm suggesting the formation of a-Fe,O3 nanoparticles. This
finding is in agreement with previous reports for the green
synthesis of a-Fe,Oznanoparticles using both Pomegranate seeds
and Ailanthus excels leaves extracts [20,21].
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Figure 1. UV-Visible spectrophotometer results for characterization of a-
Fe,O; nanoparticles
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3.2 Band gap energy:

Optical properties of nanoparticles give information about physical
properties; such as band gap energy, band structure and optically
active defects. The band gap energy of a-Fe,O3 nanoparticles was
determined from the UV analysis with the help of Tauc plot. The
optical band gap of the produced nanoparticles is calculated using
the Tauc’sequation (1):

ahv= Athv-E)" ... (Eq. 1)

Where: a is the absorption coefficient, Eg is the band gap energy,
A is constant and hv is the photon energy in eV.

Figure 2 shows (ahv)? versus hv plot of absorption spectrum of
colloidal solution of a-Fe,O3; nanoparticles. The obtained direct
band gap value of a-Fe,O3; nanoparticles was determined from the
intercept of the straight line with the hv-axis. The band gap value
is found to be 2.602 eV, which is in good agreement with the
reported value(2.67 eV) of o-Fe O3 nanoparticles by literatures
[22, 23]. Besides, the observed value is higher than the standard
value of a-Fe;O3 (1.9eV-2.2¢eV) [4], due to the decrease in the
particle size (8.8 nm) of hematite is responsible for increasing the
optical band gap [24].
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Figure 2. Band gap energy of a-Fe,O3 nanoparticles
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3.3 FT-IR Spectroscopy:

FT-IR measurements were employed to investigate the possible
functional groups responsible for the reduction of the metal
precursors and the formation of a-Fe,O3; nanoparticles. The
comparison of FT-IR spectra between pure Menthapiperita leaf
and its complexation with Fe* ions are shown in Figure 3. The
infrared spectra of the dried Menthapiperita leaves show the
absorption peaks at 1253.69 and 1014.85 cm ™' are ascribed for the
C-O-C and C-O-H vibrations of the phenolic group. Also, the two
small bands at 1416.17 cm™ and 1517.47 cm™ can be related to
symmetric and asymmetric stretching vibrations of COO™ group.
The band observed at 1601.29 cm™ is attributed to the C=C
stretching vibrations of the aromatic ring, which belongs to the
polyphenols (e.g., flavonoids and tannins) [18]. Moreover, a small
peak at 1730.08 cm iscorrespond to the C=O stretching
vibration, indicates that an ester bond is formed between two
galloyl groups, which confirms the presence of hydrolysable
tannins [25, 26]. The sharp peaks at 2919.45 cm™ and 2850.56 cm"
! are attributed to asymmetric and symmetric C-H stretching mode
of aliphatic hydrocarbon chains. The broad band at 3275.08 cm™
is representing the O—H stretching vibration of the polyphenolic
compounds, which is an indication of the strong hydrogen bonding
[27]. These functional groups prove the presence of polyphenols in
Menthapiperita, which might act as reducing and stabilizing agents
in the a-Fe,O3 nanoparticles synthesis. The FTIR spectra reveal
that observed bands for functionalized o-Fe,O3; nanoparticles
(figure 3b) are similar to those obtained for Menthapiperita (figure
3a) with a slight shift. However, the absorption correspond to the
C=0 stretching vibration is shifted to 1700.61 cm*, which was
attributed to the binding of a C=0 group with the nanoparticles.
Furthermore, the band involving O-H vibration at 3275.08 cm™ of
the polyphenolic compounds is shifted to lower wave number in
the region between 2986.2 cm™ and 3357.7 cm™, hence showing
deprotonation of the -OH groups and coordination to Fe** ions
[20]. Finally, appearance of the sharp absorption bands at 587.85,
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566.86 and 543.88 cm™ in the spectrum of a-Fe;O5 nanoparticles
are attributed to the Fe—O stretching vibration [28, 29, 30].
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Figure 3. FT-IR Spectra of (a) the dried Menthapiperita leaves and (b) a-
Fe,Os; nanoparticles

3.3 X-ray Diffraction (XRD):

Figure 4 shows the XRD pattern of a-Fe,O3 nanoparticles. It was
observed that the XRD pattern is like an amorphous pattern and it
could be said that the sample is nano crystalline sized iron oxide
particles. The XRD patterns of the sample show broad peaks,
which clearly indicates that the sample is nano crystalline. In
addition, the peaks are broad due to the nano size effect [30].
There are three distinct diffraction peaks with 26 = 27.71°, 35.86°,
and 56.6° are observed, which indicates the formation of a-Fe,;03
nanoparticles. The broad peak at 20 = 27° can be recognized as
organic components from leaf extract of Menthepiperita, which are
responsible for stabilizing of nanoparticles, as well as consistent
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with the FT-IR results. The diffraction peak at 20 of 35.86° and
56.6° indicates the presence of a-Fe,Os, as well as consistent with
the FT-IR result. The Figure 4 does not show all the peaks belongs
to a-Fe;O3; nanoparticles, due to the presence of bioactive
compounds from Menthapiperita leaves extract, or because of the
a-Fe,O3 nanoparticles were prepared at room temperature and may
also be due to a higher concentration of precursor salt. Thus,
reported researches carried out calcined at high temperature to
improve the crystallinity of a-Fe,Os3 NPs, where at higher
temperatures the crystallinity of the a-Fe,O3 NPs increases [31, 32,
33]. Moreover, another study showed that the reaction time
playing a very important role in the clarity of the peaks of the
XRD pattern. As the reaction time increases, the crystallinity of the
hematite a-Fe,O3 nanoparticles increases [34].

Counts
|

! ! g ! A o 1
Position [ 2T heta]
Figure 4. XRD pattern of a-Fe,Oz nanoparticles

The average crystallite size of the a-Fe,O3 NPs is calculated by
using Debye—Scherrer's equation for 20= 35.86° as shown in the
Equation (2) and Table (2):
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T Bxcos s (Eq. 2)

Where: ‘A’ is wave length of X-Ray (0.154(nm)), ‘B’ is FWHM
(full width at half maximum), ‘0’ is the diffraction angle and ‘D’ is
particle diameter size. The average crystallite size of the a-Fe;O3
NPs was 8.8 nm.

Table 2. X-ray diffraction peak list of a-Fe,O3; nanoparticles.

Pos. [°2Th.] FWHM [°2Th.] d-spacing [A]
27.7149 0.4330 3.21885
35.8652 0.9446 2.50387
56.6130 1.1520 1.62446

_ FWHM xm _ 0.9446 x 3.14
- 180 180

09 xA 09 x0.154nm
~ B Xcosf  0.01648 x 0.9514

=0.01648

= 8.8nm

3.4 Plausible Mechanism of a-Fe;O3 nanoparticles:

Menthapiperita leaves is known for having several polyphenols
include phenolic acids, flavonoids (eriocitrin, narirutin, hesperidin,
luteolin-7-O-rutinoside, isorhoifolin, diosmin, 5,7-
dihydroxycromone-7-O-rutinoside), tannins and saponins as active
substances [35, 36]. Although the mechanistic details of the
biosynthesis processes are currently unclear, a range of
mechanisms have been proposed to explain the formation of NPs.
However, the exact mechanism of the synthesis process remains
challenges, thus providing opportunities for further study. A
plausible formation mechanism of the a-Fe,O3 nanoparticles from
Menthapiperita is schematically presented in (Scheme 1) offering
that polyphenols serve as a reducing and stabilizing agent. The
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Menthapiperita leaf extract contains a high content of polyphenol
as tannins (234.06 mg/g) with plenty of phenolic-OH of galloyl
groups £37]. These functional groups can form a strong complex
with Fe*" ions, Furthermore, the hydroxyl groups of polyphenolic
compounds are deprotonate and act to reduce the Fe** ions. The
deprotonation of the hydroxyl groups of the polyphenols was
confirmed by the IR spectra. Accordingly, the Fe** ions oxidized
the hydroxyl groups into carbonyl groups in the reduction reaction
as Fe*" is reduced to Fe® NPs [38] and are subsequently oxidized
by atmospheric oxygen or water resulting in o-Fe,O3

nanoparticles.
T 3
o o o
Ga‘:IovI gréup Hod

OH

HO,
OH N A
o—Fe ™"

o
Ion -
OH -
o oHO

Iron(lll)—'tannln compl

3H+3e

o o
O
_ Oxidation by air (O,)

l‘T)

_—° oy FeONPs

o]

Scheme 1. Plausible complexation and reduction for the formation
mechanism of a-Fe,O3 nanoparticles by galloyl groups of tannin

=0 o/

4. Conclusion:

In summary, the green synthesis method has merits over other
physical and chemical methods, are easily available starting
materials, inexpensive and procedure is easy to carry out any
laboratory, use of toxic reagent is avoided and pollution. The green
synthesis route had been used to synthesis a-Fe;O3 nanoparticles
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using Menthapiperita leaves extract. The FT-IR spectra
demonstrated the presence of a polyphenolic compounds in the
extract (mainly tannins) could be probably responsible for the
reduction process through the hydroxyl groups and binding to the
a-Fe,O3 nanoparticles through the carbonyl groups. Furthermore,
the optical direct band gap energy of the a-Fe,O3 NPs determined
from the Tauc plot was 2.602 eV. The XRD result illustrated that
the average crystallite size of the a-Fe,Osnanoparticles was 8.8
nm. This eco-friendly method can potentially be employed in
various areas, including pharmaceuticals, cosmetics, foods, and
medical applications. Finally, other properties and applications of
this type of material should be explored in future studies.
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Abstract

Curved beams have found many applications in various fields of
engineering such as civil, mechanical and aerospace engineering.
Therefore, many researchers have devoted themselves to
developing finite element solutions for curved beams. The
question of the choice of the proper finite element solution to
perform static and dynamic analysis of the structures that involve
curved beams was investigated. The investigation was carried out
on a lighting column. Two finite element solutions named; straight
beam finite element method (SE-method) and curved beam finite
element method (CE-method) were studied. The results for natural
frequencies, mode shapes, and the deformed -configurations
obtained from the two approaches were compared. A MATLAB
code was written to carry out the static and dynamic finite element
analysis of the lighting column.

Keywords: Finite element method, lighting column, curved beam
element, static and dynamic analysis.
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1. Introduction

The finite element analysis of curved beam has been a topic of
intense interest for researchers over years. The motivation for this
activity is largely because; i) curved beams have many
applications in engineering such as civil, mechanical and
aerospace engineering. ii) Curved beams are more efficient than
straight beams in transferring loads because the transfer is
influenced by shear, bending and membrane action [1, 2]. iii)
Shear and membrane locking problems are one of the most serious
difficulties that challenge researchers to obtain the exact stiffness
and mass matrices for curved beam elements. This is because
locking phenomena leads to underestimation of the bending
deformations and overestimations of natural frequency for curved
beams [3].

For most structural engineers, choosing the suitable finite element
method for analysing curved structures, such as rings, arches and
bridges, is still very difficult and tricky [4, 5]. Generally, two
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methods namely SE-method and CE-method can be employed for
analysing curved beams/arches, with SE-method referring to
straight finite beam elements and CE to curved finite beam
elements. The SE-method is based on the conventional straight
beam elements, where a curved beam is idealized as a sequence of
a series of small straight beam segments in order to approximate
the true curved shape. The other approach is to utilise the curved
beam finite element solution to analyse curved structures.

The main purpose of this study is to compare the SE-method with
the CE-method to analyse a structure that has a curved beam. The
static and dynamic comparison was carried out on a street lighting
column structure. The comparison was included natural
frequencies, mode shapes and deformed configurations.

2. Description of lighting columns

The steel lighting column, shown in Figure 1, was chosen in this
study. It consists of three parts, two straight parts and a curved part
which is a quarter of circle. The mounting height of the pole is
13.2 m, see Figure 1 for additional dimensions. The cross section
of the lighting column is a hollow circular section. A lamp, which
IS not shown in the Figure 1, is attached to the tip of the lighting
column. The lamp has a mass of 40 kg. The required material
properties for the steel lighting column are assumed to be;
Modulus of elasticity E=200 GPa and mass density p= 7850 kg/m3

[6].
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Figure 1: Detailed dimension of the lighting column [7].

3. Finite element modelling of the lighting columns

In this paper, two finite element solutions were conducted on the
steel lighting column shown in Figure 1. The first is the SE method
that based on the conventional straight-beam elements, in which
the three parts of the lighting column were modelled by straight
beam elements. In the conventional straight beam elements, a
curved beam is divided into a series of straight beam segments to
approximate the true curved shape. The other FE solution is the CE
method which is based on curved beam elements where the curved
part of the lighting column was modelled by curved beam elements
and the other parts by straight beam elements. A comparison
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between the two finite element solutions was made in terms of
displacements, natural frequencies and mode shapes. A MATLAB
code was written for the purpose of this research.

In this paper, static analysis and free vibration analysis for the steel
light column, shown in Figure 1, using straight beam element and
curved beam element are studied and compared with each other.

3.1. Finite element formulation of straight beam element

Figure 2 shows a two dimensional straight beam element with
uniform cross section and it has six degrees of freedom, three at
each node. The beam is capable of resisting axial forces (Fxi1, Fx2),
shearing forces (Fyi, Fvz2) and bending moments (M;, My). The
nodes are labelled using numbers inside circles. The undeformed
beam is shown with a solid line, while the deformed beam is
shown with a dash line. The capital letters are used to correspond
to the local coordinate, while small letters are used to represent the
global coordinates [8].

Figure 2: Straight beam element [8].
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Where (L) is length of the beam element, (1) is moment of inertia
of the cross-sectional area, (E) is Elastic Modulus and (ux and uy)
are corresponding displacements.

The stiffness matrix in local coordinate system [KL] for the plane
straight beam element shown in Figure 2 is given by equation (1)

[6];

- EA EA
- 0 0 - 0 0
12E1 —6EI _12EA  —6EI
0 — — 0 3 —
L L L L
—6EI 4E] 6E1 2EI
= v = 7
KL=p A 1)
- 0 0 - 0 0
—12E1 6E1 12E1 6E1
0 3 ' 0 3 '
L L L L
—6E1 2E1 6E1 4E]
0 — - 0 = —
- L L L L

To transform the local stiffness matrix from local coordinates to
global coordinates, the following relationship is used:

[KG]=[T] " [KL] [T] )

Where [KG] is the global stiffness matrix and [T] is the
transformation matrix, which can be written as:

378 Copyright © ISTJ 4B ghaa okl (G48a
wu ?3""“ @3.\1\ M



International

Science and Technology Journal
Aty astall Aulsal) Alaal

Volume 24 )
January 2021 s\

Ly g g

| vt nal Sy il Torlisiagy Jusrael

IST.Jd

X

rC S 0 0
—s c 0 0
0 0 1 0
[T]= 3)
0 0 0 c
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Where ¢ = cos© and s = sin©

The elemental mass matrix in local coordinate system [ML] for the
finite straight plane beam element shown in Figure 2 can be
computed as follows;

140 0 0 70 0 0
0 156 —22L 0 54 13L
R 0 —22L 412 0 —13L —312
ML = 2=~ (4)
420
70 0 0 140 0 0
0 54 —13L 0 156 22L
L0 13L —312 0 22L 412 |

Where p is the mass density of the material, A is the cross-
sectional area and L is the length of finite element, see section 2.
Similarly to the global stiffness matrix [KG], the global mass
matrix [MG] can be obtained from the following equation:

[MG]=[T] " [ML] [T] (5)
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3.2. Finite element formulation of curved beam element

Many formulations have been derived for a curved element [1, 2,
3, 4, 5 and 9]. These formulations are very complex which
discourage designers from employing them. Stiffness and mass
matrices derived by [4] for a curved beam finite element are used
in the present study, since they presented the most explicit forms
of the curved element property matrices.

M

-

; b

i ]1,f,t_‘.
A _)_‘_..—--"_'_ T i{_a - !"rf_\'l

OV N F -
Ug,; ‘ 2 2
Iu_l. g g
u R Uxz
Wy ! x *
0>
(3]

™~
o
Y

=

o

Figure 3: Curved beam element [4].

Figure 3 shows a three dimensional curved beam element, where
2 1s the radial displacement, z, is the circumferential
displacement and yy is the rational angle. The stiffness matrix of
the curved element, shown in Figure 3, in local coordinate system
[KL] obtained from the following relation:
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[KL]=[D] [B]*
Where:
[ 0
0
-1 0
D=y
RZ
0
0
| 1
I
¢=1+ ()

Iy =[,x2/(1-3) dA

Where R is the average radius of the arch curvature and Iy is the

moment of interia of the area A about the y-axis.

2 .
—= sinB,
R

2
- cos 0,
R

—2c0s 0,
2 .

— sinf
R 2

2
— = cos 0,
R

2 cos 0,

(6)

2 -
— R cos 0,
2
-R sinB;
—2sin 61
(")
2
= Cos 0,
2 .
R sinB,
—25sin 6,
(8)
©9)

r 1 cosB; sinB, 0, sinB; 0 0, cos 0,
0 sinB; —cos®O; sinB; —B6;cosB; 1 cosB; + 0;sin6,
C 2 . 1 2
Eel 0 0 R sinB; R = cos 0,
B =
1 cosB, sinB, 0, sinf, 0 0, cos 0,
0 sin@, —cos6, sinB, —0,cosB, 1 cosB,+ 6,sin0O,
C . 1 2
= 0, 0 0 0, sinb, = = cos 0,
(10)
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In order to transform the stiffness and mass matrices of each
curved beam element from the local coordinate system to the
global coordinate before they are assembled, the following
equation is used:

[KG]=[T]" [KL] [T] (11)
rcl sl 0 0 0 01
—s1 cl 0 0 0 0
0 0 1 0 0 0

T= (12)
0 0 0 c2 s2 0
0 0 0 —s2 c2 0
L 0 0 0 0 0 1

Where C1=c0Se1, S1= c0Se1, C2= c0Sg, and S2= c0sg:.

The elemental mass matrix in local coordinate system [ML] for the
curved beam element shown in Figure 3 is giveb by;

[ML]=pR [B*]" [A] [B] * (13)

It should be noted that, [H] is a 6*6 a symmetrical square matrix,
and in order to obtain the global mass matrix equation 5 should be
used. Also, the nodal displacements are ordered as shear, axial and
moment respectively.
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(14)

T
I

H51 HSZ H53 H54 HSS HSG

| He1 He, Hes Hea Hes Hes.

The coefficients of matrix [ H] in equation (14) is given in
Appendix A.

4. Numerical results and discussions
4.1. Static analysis of the lighting column

Figures 4 depicts the deformed shape of the lighting column that
was obtained from the SE and CE finite element methods. The
undeformed shape of the lighting column is shown with a solid
line, while the deformed shape is shown with a dash line. It is
worthwhile to mention that in the SE-method a large number of
straight beam elements were used to model the curved part of the
lighting column in order to converge towards the CE-method
solution.
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Figure 4: Deformed shape of modelling the lighting column by SE-
method (left) and CE-method (right).

4.2. Dynamic analysis of the lighting column

Table (1) shows the lowest six natural frequencies of the lighting
column that obtained from SE and CE finite element methods.
From table (1) it is evident that, all the natural frequencies
obtained from the SE-method are similar to those of the CE-
method for the lighting column. It should be mentioned that the
number of elements was increased until there was no observable
change in the results.

Table 1: The lowest six natural frequencies of the lighting column.

Mode shape number Natural frequencies (w rad/sec)
SE-method CE-method
1 1.07 1.07
2 6.50 6.51
3 16.47 16.47
4 26.93 26.94
5 43.54 43.54
6 67.98 67.98
384 Copyright © ISTJ 4% ghaa akal) (3 g8a
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Figure 5 (a,b,c and d) and Figure 6 (e,f,g and h) show the lowest
four mode shapes of the steel lighting column obtained from the
SE and CE finite element methods. It is seen that the mode shapes
obtained from the both methods too large extend are the same.

" First mode shape [ w=1.07 rad/sec). SE-Method " First mode shape ( w=1.07 rad/sec ). CE-Method

Figure (5): Comparison of the first and the second mode shapes of
the lighting column from the SE and CE finite element methods.

385 Copyright © ISTJ 4% ghaa akal) (3 g8a
wu ?3""“ @3.\1\ M



International
Science and Technology Journal

Ay pglall 44030 Alaal

Volume 24 )
January 2021 s\

Ay ol 40 A

Tatymt il S il s bl

IST.A

PAS

....Thirdmode shape { w-16.47rad/sec). SE-Method

.....Third mode shape ( w=16.47 rad/sec ). CE-Method

R e fend
: | I H
i . s
S - 4
iy
, i i i i i i i i i i i i i i
45 ] 0 1 15 2 2% 3 35 -%1 ) 5 1 15 2 25 3 L1

“ Fourth modeshape[w:lﬁ 93 radfsec: SE-Method ) Fourth modEshapE[uFZEMradfsec:l CE-Method

4 o e ; wdeeemna}
| i i i i ; : ;
P - < IO SR SN— SN S SN SO | | WU NORUINUISUS SN SN SN S NN SO
H ' ' | E : H
" i i i i i i iy i I i i L I i
45 ] os 1 15 2 5 3 45 s 1 15 2 25 3

Figure (6): Comparison the third and the forth mode shapes of the
lighting column from the SE and CE finite element methods.
5. Conclusion

The results for natural frequencies, mode shapes, and the deformed
configurations of a steel lighting column obtained from the SE and

W‘J?MMJ"“M
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CE methods were compared. Conclusions drawn from this
comparison are as follows:

e Using either the SE Finite element method or the CE finite
element method, the natural frequencies and the associated
mode shapes of the lighting column obtained from both
methods are almost the same. Thus, for simplicity, one may
use the simple mass matrix of straight beam element (SE-
method) instead of the curved beam element mass matrix
(CE-method) to perform the dynamic analysis of the
lighting column.

e The accuracy of displacements of the lighting column
obtained by using the SE-method may be as accurate as
that obtained by using the CE-method, if the number of
straight beam elements is large enough.

e Increase in the total number of elements in CE finite
element method hardly affects the results. However, large
number of elements should be used in the SE finite element
method to converge towards the CE-method result.

I recommend for future work to investigating the effect of the
radius of curvature on displacements obtained by SE and CE
approaches.
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Appendix A: coefficients of matrix [H]

Hy=[A6+c (A+2) (S ) |2
11 = c® ( Rz)(s)]91

Hyq =A[(1+C)sin9—CHcosG]gi
g 0

M,y = 41012

Hy; =A[—(1+C) cos 8 sin 6 ]gi

H3z =0

Hss = Al0 ]Zi
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Abstract

Background Children’s Safety and Health is a core factor to
eliminate and to reduce risk exposure of hazardous, many factors
contribute to child accidents indoor and outdoor, which can lead to
serious damage, health deterioration, injuries or even
death.Objectives Assessment of risks to children through parent’s
perception and Comparing between gender and age. Methods
questionnaire was distributed randomly then samples were
gathered from 355 participants as parent’s child, boy and girl, aged
(6, 7, 8, 9 years old), from 23 schools from different locations in
Tripoli, data analysed using SPSS, version 22, alpha was set at
0.05

Results 20% of the children rarely obey to order of safety, the girls
were more respecting to order than boys and statistically

significant between gender p< .01, while if a risky condition had
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happened younger child will ask for help more than the older, 42%
of girls always will ask for help to 33% for boys and statistically
significant between gender p< .01. it found decreasing in reporting
the dangerous conditions with increasing in ages as 72% 61% 53%
at seven, eight and nine years old respectively, when child plays in
public space alone 43% considered as extremely risky and very
risky, the highest at six years old,, the girls are more risky to play
alone or with siblings or friend in all ages comparing to boys and
statistically significant between gender p< .01, crossing the road
alone the highest percentage scored at younger age with 68%
extremely risky then decreases with older ages, as well as with
gender girls more risky to cross roads alone than boys from 61% to
47% extremely risky respectively and statistically significant
between gender p< .01 Conclusion, found that most of safety and
health parameters as checked in the questionnaire were poorly
followed. Child needs more awareness of the surroundings and
safety practice to avoid hazardous conditions.

Key words: Safety; Health; Risk; Accident; Dangerous; Exposure.
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1. Introduction

Children in general are exposed to increasing risks of health
deterioration in their house and neighbourhood. Knowledge and
maturity of children to recognise the hazardous elements
surrounding them in their childhoods are not enough to protect
them [1], Investigation efforts will be important to ensure a safe
environment for our children while decreasing the incidence and
severity of childhood risk exposure. Many studies have attempted
to propose effective interventions to prevent childhood accidents.
However, there is a lack of literature review done for the local
population in Tripoli. For such a significant risk exposure to
children and lack of safety and health programs, it is important to
investigate the problem to identify the risk factors. Safety restraints
for children must be designed in a different way from those
intended for adults. Children are exposed to an even greater risk of
fatalities and serious health losses compared with adults [2].
Childhood accident is one of the leading causes of death globally
as high exposure to risks in their childhood. Tripoli children are
not exception to this tragic fact, it is important to understand these
elements of risk factors of childhood locally. Epidemiological
studies have shown that childhood accidents are a common,
preventable and significant public health concern. Home accidents
and falls are responsible for majority of the injuries; playground
and road traffic accidents are also important causes|[3]. Healthcare
professionals and legislators play an important role in raising
awareness and reducing the incidence of childhood. Thus, greater
efforts in public health and safety education in understanding

392 Copyright © ISTJ 4B ghaa okl (G48a
;\mb ?3""“ @3.\1\ M



International g ok 4050 iy
Science and Technology Journal Volume 24 2 tsans eenr o Teekasng Joursl

FRCAR astall 45al) Alsal) January 2021 x\ I S T.J /&

childhood risk exposure is coupled with more research studies to
evaluate the effectiveness and deficiencies of current prevention
strategies will be necessary.

1.2 World Health Organisation report on child injury
prevention

Every child in the world matters. The landmark Convention on the
Rights of the Child, ratified by almost all governments, states that
children around the world have a right to a safe environment and to
protection from an accident. It further states that the institutions,
services and facilities responsible for the care or protection of
children should conform to established standards, particularly in
the areas of safety and health. Safeguarding these rights
everywhere is not easy. Children are exposed to hazards and risks
as they go about their daily lives and are vulnerable everywhere to
the same types of accident. Around the world more than 2000
families are torn apart by the loss of a child to an unintentional
injury or so-called “accident” that could have been prevented.
Once children reach the age of five years, unintentional accidents
are the biggest threat to their survival, are also a major cause of
disabilities, Child accidents are a growing global public problem.
Hundreds of thousands of children die each year from different
type of accidents, and millions of others suffer the consequences of
non-fatal injuries. For each area of child injury there are proven
ways to reduce both the likelihood and severity of injury. WHO
(2008), Global Burden of Disease[4]: 2004 report; Homicide 5.8%,
War 2.3%, Road traffic injuries 22.3%, Self-inflicted injuries
4.4%, Poisoning 3.9%, fall 4.2%, Fire-related burns 9.1%,
Drowning 16.8%.
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1.3 Children are particularly susceptible to accident

Studies of children in road traffic have shown that young children
may lack the knowledge, skills and levels of concentration needed
to manage the road environment, no matter how benign the road
conditions. They are less visible than adults and if hit by a vehicle
[5], they are more likely than an adult to sustain a head or neck
injury. Other physical characteristics make children vulnerable to
accident for instance skin of infants’ burns more deeply and
quickly and at lower temperatures than the thicker skin of adults.
Smaller airway size increases the danger of aspiration. Similarly, a
given amount of a poisonous substance will more likely be toxic
for a child than an adult because of the child’s smaller weight.
Their physical abilities may not be matched by cognitive abilities.
In the process of exploring their world, may fall from heights
because their climbing ability is not matched by their ability to
balance, climb onto the window ledge, squeeze through stair
balustrades, slide down the stair handrail, swing on the gate, run
from room to room and ride bikes inside as well as out, making use
of their houses in ways that seem to them reasonable, but have not
apparently been foreseen by the designer. Their voices are seldom
heard and only rarely are places designed in consultation with
children[6].

1.4 Fall

Falls sometimes beyond both the resilience of the human body and
the capacity of the contact surface to absorb the energy transferred.
Falls are thus an important cause of childhood injuries, including
those resulting in permanent disability or death. Falls of this
degree of seriousness are not randomly distributed, either globally
or within single countries[7]. To understand why this should be
one need to examine the built environment and the social
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conditions in which children live. Falls have been defined and
recorded in several ways. The World Health Organization’s
definition, according to which falls are “an event which results in a
person coming to rest inadvertently on the ground or floor or other
lower level. In most countries, falls are the most common type of
childhood injury seen in emergency departments, accounting for
between 25% and 52% of assessments. The published literature on
the incidence and patterns of fall-related injuries among children
relates largely to high-income countries, In many of these
countries, deaths from all types of injury are estimated to have
dropped by over 50% over the past three decades.

1.5 Consequences of an accident

Head injuries are the single most common and potentially most
severe type of injury sustained by children. Among minor injuries
incurred by children, cuts and bruises are those seen most
frequently. However, the most common category of unintentional
injuries suffered by children requiring hospital admission is
various types of fractures to the arms and legs[8]. In addition to
mortality, hospital admissions, emergency department attendances
and days lost from school can all be used as markers of accident
severity. Falls are the leading cause of traumatic brain injury,
especially in young children, with a significant risk of long- term
consequences [9]. In the United States, about one third of the 1.4
million people suffering traumatic brain injuries are children, who
have disproportionately high rates of falls compared with other age
groups[10]. Falls are also the most common cause of fatal and
serious head injuries among children in France and the United
Kingdom. While the incidence of spinal-cord injuries following a
fall is generally low. A case study from Nigeria describes the
lifelong disability resulting from such accident, often the result of
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falls from tall palm trees. An analysis in Australia of children
falling from playground equipment showed that fractures
accounted for 85% of playground injuries[11].

1.6 Cost of fall-related injury

In Canada, annual injuries from childhood falls were estimated in
1995 to cost 630 million Canadian dollars. Implementing strategies
known to be effective is expected to result in a 20% reduction in
the incidence of falls among children aged 0-9 years, In the United
States, falls account for the largest share of the cost of deaths and
injuries in children and costing almost US$ 95 billion in 2004. In
Australia, the annual direct health-care cost of falls in children is
estimated to be over 130 million Australian dollars, of which 28
million dollars is attributable to hospital inpatient care [12]. An
emergency department study in Turkey noted that falls accounted
for 41% of injury admissions and contributed to a major part of the
overall budget for paediatric trauma cases[13]. The high risk of
wounds becoming contaminated and of complications such as bone
and joint infections, together with the scarcity of powerful
antibiotics and microsurgical techniques, create significant
problems for health-care services[14].

1.7 ENVIRONMENTAL MODIFICATION

Environmental modification or engineering involves the design of
products or of the built environment to reduce the potential for
accident [15]. Traffic safety schemes can include measures to
redistribute traffic and reduce its speed, Structural hazards in the
built environment stem from the presence of dangerous or
inappropriate features, or from the absence of protective features
[16].
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2. OBJECTIVES ARE TO:

Assess risk exposure to children at home and the neighbourhood
through parent’s perception, and comparing between gender and
age of children if there are any statistical significant.

3.1 Research Questions
1. What is the level of risk that children are exposed to in their
childhood?

2. Does significant relationship exist between the different ages
and gender?

3.2. METHODOLOGY

Questionnaire was distributed randomly to 23 schools and then
parents in each school were selected randomly just as come first in
chance to meet with in schools as agreed with head of schools, in
different location in Tripoli, questionnaire submitted by hand to
teachers after explained to them and agreed to propose of the
research to participate with answers of a likert scale of five options
( extremely — very — just — rarely — never), the study selected
children in primary school with indication of gender male or
female with specifying the age at (6, 7, 8 and 9 years old) then
questionnaire were gathered in few days later.

3.3 Hypotheses
Hy. Gender and age are distributed the same and not statistically
significant.

H;. Gender and age are not distributed the same and statistically
significant

An alpha level of 0.05 was set as significant level.
3.4 Population Sample

Number of parent’s child is 355 Participants in total. The
distribution of gender (55% boys and 45% girls)
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Age distribution (six years old 27%, seven years old 19%, eight
years old 26% and nine years old 28%)

3.4 Area
Tripoli — Libya 23 public schools
3.5 Time : October to December 2016

5. Statistical Analysis

Descriptive and non-parametric statistics were applied to
characterize the data and evaluate the pattern of results as a
function of age group, gender group and total group, questionnaire
coded then interned to be analysed using SPSS social package of
statistical science, version 22, with crosstabs to find the
distribution of percentage in total, age and gender, each one
separately, with Kruskal-wallis test as (ANOVA) analysis of
variance, for a non-parametric used to determine whether if
statistical significant result exist between separate groups. And an
excel sheet of Microsoft 2010 were used to draw graphs.

5. Results

5.1 Responding to safety

Childhood accident is a major public safety problem that requires
urgent attention, especially when children are not responding to
safety procedure; showed in figures (1, 2) it found that about 11%
rarely ask for help from their parents when they face a risky
situation in total evaluation, and more than 73% they will always
and most of the time will ask for help form their parents, in age
concern found that decrease come with increase in age, positive
relation. 42% of children at 6 years old will always ask for help to
39%, 35% , 28% for seven, eight and nine years old respectively.
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And it found the distribution of the data is the same using Kruskal-
Wallis test and p > 0.05 statistically not significant, while in
gender concern found that the distribution is not the same and

statistically significant p < 0.05

Ask for help at risky condition
50%
aov 1122 42.2%
30%
o | 33% N\ 18.1% ——Boys
10% Q'M 10.6% Girls
x 1.9%
0% . 4.7% 1.6%
always Most of somtimes Rarely Never ask
the time for help
Figure (1) presents gender as asking for help
Always will ask for help at risky condition
50% 42%
40% - 35.1%
38.9%
30% 1 28.0%
20% -+
10% -
O% T T T 1
six years old seven years old Eight years old Nine years old

Figure (2) present age of children as asking for help

Investigation of the child will report immediately any suspicious
conditions at risky situation, showed in figures (3, 4). Parents had
said that in total, children at older age will report less than the
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younger, it found 53% at nine years old will always report
immediately any risky situation, then eight and seven years old
61% and 72% respectively, statistically not significant between
age p > 0.05 gender had recorded almost the same percentage
between boys and girls in all five likert scale, it found p > 0.05

Reporting the risky condition immediately
80%

0% \ 65.9%
° 62%\
40% \ ——Boys
20% 24.5% 25.4% 30 — (5ir]S
. 2.4% ; oo, 1.6%
0% : 4.8% — 105

T — T

always  Mostofthe time sometimes Rarely Never report

Figure (3) presents gender on reporting immediately

Always report the risky condtion immediately

60% 67% ’_/Nl_l%

o 53.2%

40%
20%

0% T T T 1
sixyearsold seven yearsold Eight yearsold Nine years old

Figure (4) presents age factor on reporting immediately

In evaluating how children obeying to safety order in parent’s
perception, showed in figures (5, 6). It found in total 20% never
and rarely will obey to order of safety, then about 50% they
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respect safety order and 30% sometimes will obey and sometimes
will not, as age not statistically significant p > 0.05 and in gender
the girls do much better than the boys in reporting any suspicious
risky situation immediately and statistically significant between
them p <0.05

40% 35.2%

35% - 32.5%
30% -
25% -
20% -
15% -
10% -
5% -
0%

19.5%

11%

T T T T 1
Always obey Most of the Sometimes  Rarely  Never obey
to order time order

Figure (5) presents gender to obey to order

W Never obey to order of safety

25% 1
20% m Rarely obey to order of safety
15%
10% <
%

six years seven Eightyears Nine years
old years old old old

Figure (6) presents age to obey to order

Trusting the child will not do damage to house material and to
themselves, it found that 33% in all participants had no and low
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trust of their children in five likert scale, showed in figures (7, 8)
and 47% had a high respect from parents that will not do damage
to house materials or to themselves, and 20% just trusted. The age
of six years old is the highest in low trust comparing to other age,
then the nine years old in second and eight years old in third in low
trust the best at seven years old and cross age the distribution of
the date is not significant p > 0.05 In gender is the same it found
no statistically significant between gender on trusting p > 0.05

level of trust that child will not hurt himself or do damage to
23.6% 25.5%
7.1%

house materials
30% 23% 20.6%
20%
0% -+ T T T T T

Extremely VeryTrust justtrust Lowtrust No trust
trust

Figure (7) present Total trust of child

Low and No trust that child will not damaging house
materials or hurt himself

50% -
40% - 12.2 No trust
30% 1 10.3 M Low trust
20% -
10%

six years seven Eight years Nine years

old years old old old
Figure (8) presents age on low and no trust
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5.2 Risk exposure

In the assessment of risk exposure to children with knives stored at
home in the level of reach of children it found that 61% most of
the time and always store knives in the access and reach of
children’s hand, at the same time 55% they said that it is extremely
risky when the child holds a knife in the hand in the house, showed
in figures (9, 10) and 18% very risky when a child holds a knife in
the hand. In age and gender the distribution of the data was the
same and statistically not significant p > 0.05 in both the access to
knives at home to children and when they hold the knife.

Kinfe in the hand of the child
54.6%
60.0%
40.0%
18.2% 16.4%
20.0% 8.2%
w =
0.0% =+ T T T T
Extremely Very Risky Risky Low Risk No risk
Risky

Figure (9) presents Total risk of knife in the hand

child holds a knife in the hand

70%

6% 58%

50%

a0% $0% \\\ ]
255 oys

30% Farari 18%

20: h 6% =—Girls

10 w

0% T T 16% T T lé?ﬁ

Extremely  Very Risky Risky Low Risk Mo risk
Risky
Figure (10) presents gender risk of knife in the hand
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Electric shock considered fatal risk to children and adult; figures
(11, 12) show about 27% in all participants as parents of child will
consider their child to plug unplug electric house appliances as a
low and a no risk at all for the child, on the other side 49% they
see it as very risky or extremely risky for their child, while 24%
considered it as just risky. The distribution for the data cross age
and gender were not significant p > 0.05.

Child to plugg un plugg electrical appliances

40%

31%
30% o 24%
18% 20%
20%
7%
0% T T T T T

Extremely  Veryrisky  Justrisky Low risk No risk
risky

Figure (11) presents Total risk exposure with electrical risk

gender as risk of pluging unplugging electrial appliances
40%
0,
30% 4%
20%
29% ol 8%
10% 23% 16% 7%
0%
Extremely Very risky lust risky Low risk No risk
risky
Boy Girl
Figure (12) presents gender with electrical risk
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Flammable fuel is dangerous substance to be in a reach of children,
as showed in figures (13, 14) it found 84% of parents consider
children play beside the fuel is extremely risky and very risky
condition, about 5% considered as a low risk and 9% just risky
situation, the distribution of the data between age and gender were
not statistically significant p > 0.05

child plays beside the fuel

80%
60% 55%

40% 57%

20% 24% 10% 6%

7% 30
0% 2% 2
Extremely Veryrisky Justrisky Lowrisk No risk
risky
s )OS s g |5

Figure (13) presents gender on risk of playing beside fuel

Total, child plays beside the fuel

56%
60% /

50%
40%
30%
20%
10%

0%

5% 2%

Extremely Veryrisky lustrisky Lowrisk  No risk
risky

Figure (14) presents Total risk of playing beside fuel
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5.3 Fall

Falls are the most common cause in many countries of injury-
related hospital stays and emergency department visits involving
children. Limb fractures and head injuries and traumatic brain
injuries are most likely to result in lifelong disability, it found the
50% of children are exposed to fall from the stairs in the houses as
the fence of stairs are less than a meter or not exist at all, and the
boys are exposed to risk of fall from stairs more than the girls as
availability of stairs fences, with statistically significant p < 0.05,
however statistically not significant cross age factor p > 0.05
Parent’s perception of evaluating risk exposure of fall to child
plays on the roof of the house is in figures (15, 16) 85% as very
risky and extremely risky, while 10% just risky and 5% low risk or
no risk at all on a five likert scale, and statistically not significant
in both factors gender and age to fall from a roof of the house p >
0.05

plays on the roof of the house
70.0% -
60.0% —_—
50.0% -
40.0%
s [ OY/S
30.0% v
e O S
20.0% - 8
10.0% - o
1.6%
0.0% : : ok . |
Extremely Veryrisky Justrisky Lowrisk  Norisk
risky
Figure (15) presents gender on risk of fall
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90.0% =
80.0% -
70.0% -
60.0% -
50.0% - WVery risky to play on the
40.0% - oof

30.0% -
20.0%
10.0% -+

B Extremely risky to play on
the roof

six years seven Eight  Nine years
old yearsold vyearsold old

Figure (16) presents age on risk of fall

5.4 Crossing roads

Children in road traffic may lack the knowledge, skills and levels
of concentration needed to manage the road environment, no
matter how benign the road conditions. In the evaluation of risk
exposure through parent’s perceptions of their child it found in
total 54% considered extremely risky to allow child to cross the
road alone, then 23% a very risky condition, in contrast 8% of
parents considered as a low or no risk at all, and 15% just risky for
them, in comparison showed in figures (17, 18) between ages is
extremely risky to cross a road alone it found decreases in risk
with older age 68% , 60%, 45% 43% as extremely risky situation
for separate age evaluation ( 6, 7, 8, and 9 years old) respectively,
while in gender more risky situation with girl was evaluated than
boy as parent’s perception on child to cross a road alone, 47%
extremely risky for boys and 61% for the girls as extremely risky,
and 8% as a low risk for boys and 3% as a low risk for girls, the
distribution between gender and age were not the same and
statistically significant p < 0.05.
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80.0%

60.0%

40.0%

20.0%

0.0%

Cross the road alone

61.4%

19.7%
8%

2
O L0

Extremely veryrisky Justrisky  Lowrisk No risk
I’TSK\{ — ) OYS  —ir]S

Figure (17) presents gender on risk of crossing roads

70.0%
60.0%
50.0%
40.0%
30.0%
20.0%
10.0%

0.0%

67.9%
1 60.0%
J 44.6%  43.0%
E 8.4% m Extremely risky to cross
| BH20.5%23-6% "B203%  alone
J L very risky to cross alone
sixyears seven Eight Nine
old years old years old years old

Figure (18) presents age on risk of crossing roads

5.5 Safety of public space

The present study showed that children relate to play in public
space for fun and active playground and their parent’s perception,
figures (19, 20) present evaluation of playing outdoors to score
29% extremely risky to allow their child to play alone in
neighbourhood’s public space for girls, 16% very risk for both
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boys and girls, while in the opposed opinion 37% considered low
risk and no risk at all and 20% considered as just risky for them to
play in public space alone in total percentage, in comparison with
child plays with sibling or a friend at the same age, 70%
considered as low and no risk at all. Extremely risk assessment
decreased with increasing in age, the distribution were the same,
no statistically significant found cross age factor, when plays alone
or with sibling p > 0.05 In gender concern, parents always
expressed that girl will expose to more risky condition than boy
when plays alone or even with sibling or a friend at the same level
of age, 7% extremely risky for boys to play with sibling or friend
in public space to 17% as extremely risky for girls, in the other
side 45% for boys with sibling no risk at all to play in public space
while 29% no risk at all for girls to play with sibling or friend at
the same age, and it found statistically significant cross gender
when child plays alone or when plays with sibling or friend p <
0.05 for both.

plays alone in puplicspace

25.0%

20.0%

15.0%

10.0%

5.0%

0.0%

Extremely  Very risky lust risky Low risk No risk
risky

— 0y —if]s

Figure (19) presents child risk to play alone in public
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plays in public sapce with sbling or friend at same age
50.0% -
45.0%
40.0% -
35.0% -
30.0% - -
25.0% -
20.0% - °
15.0% —boys
10.0% - girls
5.0% - R
0.0% T T T T 1
Extremely risky  Very risky Just risky Low risk No risk

Figure (20) presents child risk to play with sibling or friend

5.6 Health check-up

Children’s health is primary with no doubt it is a necessary to
evaluate annually if of children’s health are fit or not, regularly
health check-up aims to maintain physically and mentally fitness
for children, the study found that only 9% from total 355
participant made annual health check-up, showed in figures (21,
22), while 44% never made full health check-up for their child in
the whole past years, while 47% do health check-up in some years
and not in the other years, cross age found same distribution and
statistically not significant, in gender statistically were not
significant too, p > 0.05 for both.
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45.0% 1
40.0%
35.0% -
30.0% -
25.0% A
20.0% A
15.0% -
10.0% -
5.0% A
0.0%

9.1%

Health check-up

43.9%

22.8% 24.2% l

Every year

insome years fewyears  Nevermade
full check up

Figure (21) presents total annual health check-up

50.0% -
40.0% -
30.0% -

10.0% -
0.0%

20.0% - 71

25.

12.4%
A%

11.79% 434%

6% 25.6%
21.7% 2.5%

Every
year

insome fewyears Never
years made full
check up

m boys

H girls

Figure (22) presents gender annual health check-up

6. Discussion

Understanding the child-risk exposure in home and neighbourhood
is necessary to gain a deeper understanding of determinants,
children in their life exposed to variety of risks and need to be
alert and how to deal at dangerous situations, This study explored

411 Copyright © ISTJ

W\Jejhﬂf\gj.m;\.\yﬂ



International g ok 4050 iy
Science and Technology Journal Volume 24 2 tsans eenr o Teekasng Joursl

AT astall 45 Alaal) January 2021 x\ I S T .J /&

6 to 9 years old primary schoolchildren, these ages considered
starting career as student occupation in many definitions, the
assessment through parent’s perceptions is the best of evaluation
of risk exposure as mentioned in many publications, as children
still in developing of the maturity and their cognitive of hazardous
and risky behaviours still not enough to identify and process a
proper management especially when facing risky situations or
hazardous materials, using a participatory research design. The
results suggested that younger as six years old will ask for help
more than older age from their parents as might to become more
knowledgeable and independent from parents and feel of maturity
even though their ability not enough to control and manage a risky
situation as adult, the suggestion still applicable on reporting
immediately at older ages while reporting less quickly at younger
ages, however still a percentage in total to be in consideration 11%
rarely will ask for help, and 33% of parents have low trust and no
trust of their children will not do damage to house materials or hurt
themselves, this is a real risk could lead to unexpected
consequences. The girls will report the risky situation immediately
more than boys, as well as in obeying to order of safety at home or
outdoor, which this study proves girls more conscious of risk
exposure in all ages comparing to boys with statistically high and
significant.

Our results suggest that knives at home in a reach of children’s
hand are a risky environment and high risk exposure to children.
This founding is supported positively and associated with parents
consideration of it, 73% very risky and extremely risky when the
child holds a knife in the hand, 61% most of the time knives are in
reach of children hand which is a risk factor could give serious
consequences, as a third of the participants will allow their
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children to deal with electrical house appliances as have not been
recommended in safety books of that come with electrical
appliances advising not to allow children to deal with it to
avoiding electrical shock or damage to the device especially when
misused by children, when parents neglected the order of safety
that will increase the risk of exposure. In factor of allowing
children play beside flammable liquids 5% of total participants
will allow their child to play around the fuel and see it as a low
risk, this is a high risk to store fuel and let children play beside,
especially when the parents accepting this behaviour, in all safety
data sheets of flammable substances and published papers insisted
this type or exposure unacceptable and will lead to unexpected
results, and a very high risky condition.

our results may be limited in type of falls that children exposed as
a risk factor, only fall from a roof and stairs were investigated in
this study and found children exposed to high risk of fall, 50% of
the stairs at home which is used by child were not with a proper
fence or without fence in total of participants. In the fall from the
roof we experienced that most of parent’s perception on this
evaluation is high 85% extremely risky and very risky, which
indicate that there is a high risk threating children. In addition,
though only a small percentage as 5% of children in low risk of a
fall from a roof could be to higher safety procedures, which other
participants do not have comparing to other in the study. Falls are
also the most common cause of fatal and serious head injuries
among children.

Most of the factors that increase the risk of road traffic injuries for
the general population do so similarly for children. The road
environment is constructed with consideration for adults. It is not
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built for use by children, and when children come into contact with
it they are placed at greater risk. The set of risk factors that
increase a child’s susceptibility in road traffic can be considered a
lack of safety precautions, in this study more than the half of
participants admitted the road is extremely risky to let a child cross
alone, this research shows that there is a positive relation between
increase in age and decrease in risk of road accident, and the boys
had less risk factor than girls, with statistically significant
different. A possible explanation is that increasing with age
increase confidence, ability and control to manage road traffic, and
could be to boys is more familiar with outdoor environment than
girls as much time spent outside the house comparing to girls.

Children need a place to play; they also need space with
informality and freedom to move around, In this research question
investigating in general perception including all risk factor from
parents, how safe for your child to play alone or with
neighbourhood’s child or with sibling in the neighbourhood’s
public space, it found that more risky for girl to play in
neighbourhood’s public space than boy, even in the comparison
when they play with sibling or neighbourhood’s friend, this
suggests that girl more vulnerable to risk than boy this result
approved with statistically significant different between gender. In
age concern there is a positive relation younger will be at more risk
to play in public space than older, alone or even with sibling, this
result is logical 9 years old will make a different in cognitive of
risk level and control of the hazardous at outdoor comparing to 6
years old. However, still high percentage in over all of risk
exposure to children as parent’s perception when they play in
public space.
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Many parents had neglected the necessity of annual health check-
up, this is a high risk factor as presented in many publication to
notice earlier diseases to be treated properly, which is encouraging
to make annual health check-up to prevent health deterioration,
just 9% of Tripoli resident as a parent to child participated in the
study do annual health check-up, this is a high risk factor that
parents had not enough attention and awareness to complete.

7. Conclusions

This is the first participatory study of 6 to 9 years old parent’s
perception to evaluate risk exposure to children at home and in
neighbourhood in Tripoli society, consent from parents have taken
to participate in the study. Our findings are an important
contribution to both the literature and practice as they provide
concrete evidence of how much children in Tripoli exposed to risk,
Parents indicated that a twenty percent of children rarely obey to
safety order, supported with eleven percent will rarely ask for help
from parents when facing trouble, or any risky situation, added
with thirty three percent of parents had no and low trust of their
children to do not damage house materials or hurt themselves. Our
findings highlight the importance of an integrated of all these that
will give high alert indication or how much children are exposed to
risk and need prevention. It is not sufficient to let children have
access at home to sharp knives, which could result to bad
consequences, as about two third of participants store knives in
reach of children’s hand, at the same time three quarter from the
participants consider knife in child’s hand very risky condition as a
low trust of the child will hurt him/herself or do damage to house
materials. Children should not be allowed to deal with electrical
appliances at any matter; risk of an electrical shock is high when
supported with a third of participants. Allow child to play beside
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flammable and toxic fuel, when stored at home is a high risk
exposure to children. Our research shows that fifty percent of
children are vulnerable to risk of fall as parents indicate that stairs
had not any fences or the fences are short to protect child form fall
down, as well as fall from the roof of the house more than eighty
percent fear the child will fall down from the roof, because the risk
very high and safety protections are poor. Our study presents the
perception of safety road traffic from parents, its great risk to let
child cross the road alone, more than three quarter percent
considered that as very and extremely risky. We view an important
role for child playing alone in neighbourhood public space or with
a sibling, it show high risk for children over a quarter of
participant considered as extremely risky for child to play in public
space lone. We found that forty four percent of participants never
made health check-up for the child, which is consider high risk of
being infected by serious disease that can be easily prevented at
early stages. Our study identified some of risk exposure to children
who live in Tripoli, and the risks were in high alert.

7. Recommendation

Modifying the environment indoor and outdoor to make it more
user-friendly to children has become an important approach in
accident prevention, benefiting people of all ages, not just children.
Governments have made commitments to protect children from all
forms of accidents. The legal obligations lie with governments,
there is evidence that legislation has increased the uptake of
preventive measures and reduced childhood injuries in many
countries. However, all sectors of society share the responsibility
to prevent accidents to children and to deal with those risk factors
affectively. Factors contributing to success must include: good
surveillance data; a commitment to research; regulations and
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legislation for safer environments; broad-based safety education
campaigns involving partnerships of different agencies and
committed leadership on safety issues, the promotion of safety
devices and home visiting, clearly education one of successful
strategies.
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Abstract

Background: Tobacco cigarette smoking is one of the major
leading causes of death throughout the world. Smoking has both
acute and chronic effect on haematological parameters. The aim of
the present study was to assess the extent of adverse effects of
cigarette smoking on biochemical characteristics in healthy
smokers. Objective: To compare the effect of cigarette smoking
on red blood cell count, white blood cell count, hemoglobin and
hematocrit levels between smokers and non smokers. Subjects
and Method: fifty subjects participated in this study, 40 smokers
and 10 non-smokers. The smokers were regularly consuming 10-
20 cigarettes per day for at least 3 years. Complete blood cell
count was analyzed by Mindary Bc-2800 fully automatic
haematological analyzer. Results:The smokers had significant
higher levels of hemoglobin (p=0.001), white blood cell (p=0,003),
hematocrit (p=0,007), and red blood cell (p=0.006) in comparison
to non-smokers.While we did not find any significant changes in
platelets (PLT) between smokers and non-smokers (P=0.061).
Conclusion: In conclusion, in this study showed that continuous
cigarette smoking has severe adverse effects on haematological
parameters (e.g., hemoglobin, white blood cells count, mean
corpuscular hemoglobin concentration< red blood cells count,
hematocrit) and these alterations might be associated with a greater
risk for developing atherosclerosis, polycythemia vera, chronic
obstructive pulmonary disease and/or cardiovascular diseases.
Recommendations: We recommend the study of impact of
quitting the smoking or tobacco products on hematological
parameters analyzed in the present study.

Keywords: smoking, haematological parameters, Complete blood
count, hemoglobin, Red blood cell count
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Introduction
Smoking is one of the most preventable causes of death in our
society. The chemicals in cigarettes and tobacco make the smoke
which is emitted from smoking them, harmful. The burning
tobacco and paper produce more than four thousand chemical
compounds in the form of gasesc<vapours and particulates like
carbonmonoxide<hydrogen cyanide, phenols,
ammonia<formaldehyde, benzene, pyrene, nitrosamines<nicotine
and tar (Tirlapur et al, 1983).
The WHO estimates that by the decade 2030-2020 tobacco will
be responsible for 10 million deaths per year, with 70% of them
occurring in developing countries (WHO, 2001). Tobacco smoking
Is a common risk factor of cardiovascular diseases¢ cancers and
heart health problems. Nowadays, the number of smokers is
increasing up among the population over the world. In this habit,
smokers are exposed to tens of toxic materials such as carbon
monoxide, hydrocarbons and nitrosamine compounds. the number
of secondary polycythemia patients is increasing dramatically
The blood haemoglobin concentration is one of the most
frequently used laboratory parameters in the clinical routine, and it
is a key variable in the assessment of health status and in the
discrimination between healthiness and disease (Skjelbakken et al,
2006). It had been found in previous studies that the mean
haemoglobin (Hb) concentration in men and women was higher in
the smokers than in the non-smokers (Nordenberg, Binkin, 1990).
Smokers show increase in many hematological variables,
including hemoglobin concentration and blood cell indices (Majid
et al., 2016). There are many mechanisms by which cigarette
smoking may rise Hb, Cigarette smoke contains carbon monoxide,
this binds to hemoglobin which is an irreversible reaction (lvan et
al., 2009). The mean haemoglobin levels and the
carboxyhaemoglobin levels increase progressively with the
number of cigarettes which are consumed per day. Cigarette
smoking seems to cause a generalized upward shift of the
haemoglobin distribution curve.
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During the last decade, it was suggested that cigarette smoking
affects the blood characteristics and leads to death (Abel et al,
2005). Many health problems, hematological and physiological
changes are seen in human body due to smoking (Sasikala et al,
2003). The present study was conducted to compare the effect of
cigarette smoking on hemoglobin levels between smokers and age-
matched nonsmoker controls.

Aims and Obijectives: To compare effect of cigarette of smoke on
Hemoglobin concentration HB concentration, WBC count, RBC
count and Platelets count between groups smokers and non-
smokers

Materials and Methods

A total of 50 healthy volunteer male subjects smokers(40) (study
group) and nonsmokers(10) (control group); The smokers with the
history of smoking for at least three years having age’s between
20-60 years from the students and staff members of Higher
Institute of Science and Technology Tiji were selected for this
study.

- subjects with history of any respiratory acute or chronic illness
during previous three months were excluded.

- To avoid the acute effect of smoking prevent to smoke for at
least few hours before taking the sample of blood for study.

- the control subjects, apparently healthy were selected who never
smoked in their lifetime.

- The study population was divided into two different groups:
Group (A) Non Smokers Groups

A. 20-30 years

B. 31-40 years

C. 41-50 years

D. 51-60 years

Group (B) Smokers Groups

AS. 20-30 years

BS.31-40 years
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The sample was intravenous blood which was withdrawn from the
medial cubital vein. The sample (blood) was taken in a blood
container (anticoagulant) to prevent it from clotting.

Table 1. The frequencies of smokers, nonsmokers.

Subject Frequency Percent%
Smokers 40 80%
Non- smokers 10 20%
Total 50 100%
CBC analysis

Complete blood counts were conducted using a fully automated
blood counter (Mindary Bc-2800 fully automatic haematological
analyzer). The red blood cell count, white blood cell count,
hemoglobin and hematocrit were measured.

Statistical Analysis

All data are expressed as mean * standard division (M+SD), All
results were analyzed by using Minitab (Version 17). t-test were
applied to test the Determine whether the mean differs
significantly between control and smokers groups. The p values
which were below 0.05 were considered to be statistically
significant, and results were displayed as tables .

Results:
Table 2: Comparison of anthropometric data between smokers and
non-smokers.

Group (A), Non Smokers Group (A), Smokers
Parameters (n=10) (n=40) P value
(mean % SD) (mean % SD)
Age (years) 35.3+ 13.0 402 +11.7 0.388
Weight (Kg) 68.60 + 8.22 714+158 0.625
22 LG PEron) 0.00 13.50 +5.93
(years)

*Hematological parameters i.e., Hemoglobin, RBC count, WBC
count and platelets were calculated in 10 healthy individuals
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without any habit and 40 smokers. These parameters were
compared in both the groups statistically.

Table 3: Table depicting comparison of hematological parameters
between group 1 (control group) and group 2 (smokers)

Group (1) Control Group (2)
Parameters Non. Smokers Smokers T- Value | P-Value
M + SD M = SD
HB (g/dl) 12.9 + 0.267 16.1+1.11 5.52 0.001*
HCT (%) 43.2+1.87 478+1.32 4.07 0.007*
RBC (x10™/L) 5.08 + 0.227 5.93 +0.342 4.16 0.006*
WBC (xlOglL) 5.40+1.32 104 +1.70 4.71 0.003*
PLT (xlOglL) 248.4 £22.1 282.5+19.7 2.30 0.061
N 10 40

Hematological parameters i.e., Hemoglobin, RBC count, WBC count
and platelets were calculated in 10 healthy (non-smoker) and 40
smokers. These parameters were compared statistically in both groups.

* Statistically significant (P <0.05, statistically significant)

Table 3 and Fig.1, 2, 3, 4, 5 shows the changes in hematological
parameters of smokers and non-smokers: Hemoglobin count was
found to be highly increased in smokers when compared to control
group (non-smoker) and gave statistically significant result (Table
3). Similarly other parameters i.e. RBC count, WBC count and
HCT were also elevated in smokers when compared with control
group. While the platelets values in both groups did not show any
significant differences (Table 3). and all parameters are expressed
by Mean, Standard deviation and P values.
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Individual Value Plot of Non smokers HB g/dl; smokers HB g/dl

Data

Non smokers HB g/dl smokers HB g/dl

Figure 1. Comparison the Effect of Cigarette smoking on Hemoglobin
between smokers and nonsmokers .

Individual Value Plot of Non smokers HCT; smokers HCT

50
48

46

Data

44
42

40

Non smokers HCT smokers HCT

Figure 2. Comparison the Effect of Cigarette smoking on Hematocrite
between smokers and nonsmokers .
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Individual Value Plot of Non smokers RBC; smokers RBC
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Figure 3.Comparison the Effect of Cigarette smoking on red blood cell
count between smokers and nonsmokers

Individual Value Plot of Non smokers WBC; smokers WBC
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Data

7.5
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Non smokers WBC smokers WBC

Figure 4.Comparison the Effect of Cigarette smoking on white blood cell
count between smokers and nonsmokers
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Figure 5. Comparison the Effect of Cigarette smoking on platelets
between smokers and non smokers .

Furthermore, in Table 4. a, b the values of Hemoglobin,
RBCs count, Hematocrit (HCT), Red blood Cell count and white
blood cell count in age matched smokers have been compared with
non-smokers. The results regarding values of Hemoglobin, RBC,
WBC Count, and HCT show significant increase of various
degrees in the different groups of smokers as compared to non-
smokers of same age groups. was studied The mean values of
various hematological parameters in; Non-smoker control subject
Groups (A-D) and Smokers Groups AS-DS).

Table 4. a. Mean values of various hematological parameters in Non-
smoker control subject Groups (A-D).

Group A Group B Group C Group D
Parameters 20-30 yrs 31-40yrs 41-50 yrs 51-60 yrs
M £ SD M £ SD M £ SD M £ SD
Age 24.00+4.08 | 31.5+0.707 | 41.5+0.707 55.5 + 6.36
HB (g/dl) 12.77+£0.81 13.3+0.283 | 12.75+2.05 | 13.10+0.424
HCT 4130+1.70 | 45.7+£0.212 | 4245+2.19 | 43.45+2.62
RBC Count | 4.93+0.256 | 542+0.042 | 4.98+0.12 5.00 £+ 0.283
WBC Count | 595+0.915 | 445+0.212 | 420+1.273 | 7.00+1.131
PLT 249.3+23.9 261.5+17.7 | 266+15.6 217 +5.66
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Table 4. b. Mean values of various hematological parameters in
smoker subject Groups (A-D).

Group A Group B Group C Group D
Para-meters 20-30 yrs 31-40yrs 41-50 yrs 51-60 yrs
M £ SD M £ SD M +SD M + SD
Age 26.67 + 2.52 36 +4.24 445+ 4.95 53.67 £ 2.52
HB (g/dl) 15.0+0.70 15.5+0.00 17.50 + 0.566 | 16.5+0.624
HCT % 49.13 £ 0.66 46.2 +2.40 47.50 £ 0.566 48';5301
RBC Count 6.076 £ 0.15 5.50 + 0.735 5.86+0.049 | 6.30+1.123
WBC Count 9.63+3.12 13.0+3.18 9.40+ 156 9.83 +0.681
PLT % 274.7 £39.4 300+£42.4 297 £42.4 258.3+61.3
Discussion:

Cigarette smoking causes adverse effect on various hematological
parameters. Around 4000 compounds are present in tobacco
smoke, which cause adverse effect on human health. Among these
carbon monoxide, free radicals and nicotine are mainly responsible
for pharmacological effects (Malenica et al, 2017). Carbon
monoxide (CO) can quickly diffuse across alveolar capillaries and
binds to Hb firmly. Further, it results in the formation of
Carboxyhemoglobin (HbCO), a foremost cause of tissue hypoxia,
which results in significant increase in RBC count (Khan et al,
2014).
In this study hematological parameters had been used for
comparative analysis between smokers and non-smokers among
the students and staff members of Higher Institute of Science and
Technology Tiji. The experimental results showed significant
differences in hematological parameters of subjects; Hb, WBC:
RBC, and HCT were high in smokers compared to non-smokers.
While the platelets values in both groups did not show any
significant differences. Many studies done at different times and at
different places are consistent with our study with slight variations
of change in all parameters.
We observed that hemoglobin values were significantly high in
smokers (P=0.001), the mean haemoglobin levels for the smokers
and the never-smokers were 16.1 + 1.11 and 12.9 £ 0.267 g/dl,
A gaa olal) (3 g8a
48 g  glall 4 gal) dlaalt
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respectively. The significant increase in Hb in smoker group is
Conform with previous study for Shah et al, 2012. Elevated levels
of hemoglobin are correlated with increased numbers or sizes of
RBCs. RBC values were significantly high in smokers than those
of non-smokers (P=0.006), the mean haemoglobin levels for the
smokers and the never-smokers were 5.93 + 0.342 and 5.08 +
0.227 x10*%/L, respectively.

Study Calverley et al., 1982 showed a strong relation between
cigarette smoking and secondary polycythemia. Aitchison and
Russell have concluded that smoking underlies the incidence of
secondary polycythemia in a study conducted on 14 smokers
(Aitchison and Russell, 1988).

Furthermore, Were Hematocrit (HCT %) values significantly high
in smokers than those of non-smokers (P=0.007), the mean
haemoglobin levels for the smokers and the never-smokers were
47.8 % = 1.32 and 43.2 %, = 1.87 respectively, (Although it is
within the normal range). Higher levels of hematocrit and
hemoglobin have been demonstrated in smokers, and these
increases are likely to be compensatory for exposure to CO
(Roethig et al, 2010). In study made by Lakshmi et al, 2014. the
hematocrit and Hb level were significantly higher in smokers and
among the smokers and the RBC count was significantly increased
as the intensity of smoking increases.

Furthermore, We found that regular smokers had significantly
higher white blood cell count compared to non-smokers (P=0.003),
Where he was the mean white blood cell count for the smokers
and the never-smokers 5.40 + 1.32 and 10.4 + 1.70 x10°%L,
respectively. The high White blood cell count in male smokers in
this study is consistent with study Kawada 2004.

Some authors claim that increase in the number of leukocytes can
be the consequence of nicotine induced release of catecholamine
and steroid hormones from the core of the adrenal gland. It is
known that increase in the level of certain endogenic hormones,
such as epinephrine and cortisol, result in increase in the number
of leukocytes (Kapoor and Jones, 2005 ).
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High white blood cell number in smokers, established in our
study, points that they have a higher risk of atherosclerosis and
cardiovascular diseases in relation to non-smokers.

We did not find any significant changes in platelets (PLT)
between smokers and non-smokers (P=0.007), the mean platelets
levels for the smokers and the never-smokers were 282.5 + 19.7
and 248.4 + 22.1 x10%/L, respectively.Some the previous reports
have shown that chronic smoking causes platelet activation and
smoking cessation improves platelet function (Caponnettoet al,
2011). Also this result is consistent with what AL-temimi, 2017
stated, that there was no significant difference in the level of
platelets between the smokers and the smokers.

Conclusion:

The results of the present study confirm that hemoglobin level and
other hematological parameters (exept platelets) is significantly
higher in smokers than non-smoker. It may be concluded that there
appears a link between smoking and alterations in hematological
parameters.

More studies are needed including different age groups should be
required to confirm these findings. Moreover mass campaign
should be conducted by government, media and other resources to
create awareness regarding harmful effects of cigarette smoking.

Recommendations: We recommend the study of impact of
quitting the smoking or tobacco products on hematological
parameters analyzed in the present study.
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Abstract
There are several designs which able to transfer the requested heat
between double pipe heat exchanger fluids. This paper shows how
to do design for double pipe heat exchanger and estimate inner
pipe diameter, and length of the tubes. The heat exchanger fluids
in this paper are water, and the inner and outer tubes are made

from carbon steel. A comparative was made between the
theoretical data obtained for the designed heat exchanger and the
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turbulent models in computational fluid dynamics (CFD) codes.
The heat exchanger dimensions were made in ANSYS workbench.
The theoretical distributions of hot and cold water temperature
along the length of the counter flow double pipe heat exchanger
matching well with distributions using k-e standard turbulent
model of ANSYS.

Keywords: heat exchanger, design, double pipe, ANSYS, CFD.

1. Introduction

Double-pipe exchanger is one of the simplest designs of heat
exchanger and consists of two concentric pipes. One stream flows
inside the inner tube while the other flows in the annular space
between the tubes [1].

Double-pipe heat exchangers have outer pipe inside diameters of
50-400 mm at a nominal length of 1.5-12.0 m per hairpin. The
outer diameter of the inner tube may vary between 19 and 100 mm
[2].

Umamahesh, and Venugopal [3] design a double pipe heat
exchanger for an already existing suction pool of pump in which
hot hydrocarbons are passing after distillation. The heat recovered
from high temperature hydrocarbons is utilized to increase the
temperature of crude oil up to required limit. The pool data,
drawings, temperature of hydrocarbon and required temperature
rise of crude oil were given by industry.

Sampson [4] determines pipe sizes, pipe lengths and number of
bends of a double pipe heat exchanger. Double pipe heat
exchanger operations are enhanced by auxiliary equipment such as
valves, pumps, meters, switches and controllers.

Bhanuchandrarao et al. [5] use ANSYS FLUENT12.1 software
and hand calculations to analyze the temperature drops as a
function of both inlet velocity and inlet temperature and how each
varies with the other.

Johnson et al. [6] validate the analytical design of the exchanger
based on the results obtained from the CFD analysis. In this paper
the CFD analysis is based on the standard k-& modeling.
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This paper shows how to do design for double pipe heat exchanger
and determine inner pipe diameter, and length of the tubes. In this
paper a comparative was made considering the theoretical data
obtained for the designed heat exchanger to examine the adequacy
of the turbulent models in computational fluid dynamics (CFD)
codes.

2. Governing Equations
The analytical relations for heat transfer are available in [7-9].
To calculate the heat transfer rate following relations were used:

Qn = mpCpn(Thi — Tho) (1)
Qc = mCCpC(TCO — Tei) (2)
Q=U,*xA, * LMTD 3)

Where Q heat transfer rate, m mass flow rate, c, specific heat at
constant pressure, T temperature, h hot fluid, ¢ cold fluid, o outlet,
i inlet, and U, overall heat transfer coefficient based on the outside
area of the inner tube A,.

1 do | doRg , doln(do/d; 1
U_0=E+ dif+ (Zk )+Rf0+a 4

A, = md,L (5)

Where d, and d; outer and inner diameter of inner tube, R and Ry,

fouling factor at inner tube and annulus, h; and h, convection
coefficient at inner tube and annulus, k thermal conductivity of
pipes material, and L inner tube length.

To calculate the LMTD (logarithmic mean temperature
difference) the following relations were used:

e Y ©
(LMTD) ¢ = niTe)-Choteo) -

Where c,f and p,f counter and parallel flow. To obtain the
Reynolds number for both inner tube Re; and annulus Re,, the
following relations were used:
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Ret — ptVid; (8)
He
Rea — pa\;aDh (9)

Where p fluid density, V fluid velocity, p fluid viscosity, a
annulus, t inner tube, and Dy, hydraulic diameter.

Dh == Di—do

Where D; inner diameter of outer tube. The Nusselt numbers Nu
were calculated from correlations presented in [2].

_ (f/Z)RebPrb
Nub - 1+8.7(f/2)0'5(PI'b—1) (10)

f = (1.581nRe,, — 3.28)72

Where Pr Prandtl number, b bulk mean temperature, and f friction
factor. Equation (10) used for turbulent flow at Pr > 0.5.
Convection coefficients at inner tube and annulus were calculated

from the following relations:
_ NU*kt

h, =% (11)
NUxk,
h, = De (12)

Where k thermal conductivity of fluid, D equivalent diameter for
heat transfer in the outer pipe is given by:

2_42
D, = Dldodo (13)
Pressure drops AP; and AP, in the length L of inner and outer pipe
are given by:

*frxLxps*x 2
AP, = thl('l—ptvt (14)

EI P l* * 2
AP, = 2xfaxlxpa*Va (15)

Dp

The temperature distributions of both fluids along the parallel flow
and counter flow heat exchangers were calculated from the
following mathematical relationships presented in [10]:

exp(y)—Crexp(yX)
= 1
O (e)ip(Y)_(Cr) (16)
__exp(y)—exp X
Oc = exp(y)—Cr (17)
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Oy = T [1+ Crexp(—aX)] (18)
6c = 1 [1 — exp(~oX)] (19)

Where 0y, and 6. dimensionless temperature of hot and cold fluid,
and X dimensionless distance in x direction (= x /L), x = L at the
outlet of hot fluid.
T—Tg;
0= ——
Thi — T,
Equations (16) and (17) using to calculate the hot and cold fluid
temperatures along the counter flow double pipe heat exchanger,
while equations (18) and (19) using to calculate the hot and cold
fluid temperatures along the parallel flow double pipe heat
exchanger.
y variable (= NTU(1 — C,)), and a variable (= NTU(C, + 1)).
The effectiveness e is determined by:
TC,O_TC,i

- Th,i—Tc,i (20)
3. Design Example
It is desired to heat 5000kg/h of cold water from 20°C up to 35°C
in a double pipe heat exchanger with outer tube nominal diameter
Dno=3in. by using hot water at 140°C. A 15°C hot water
temperature drop is allowed. The heat exchanger pipes are made
from carbon steel (k=54W/m.K) with schedule 40. Hot water flows
through the inner tube. Fouling factors are Rg = 0.000176m?.K/W
and Ry,= 0.000352m?.K/W. Find out the best values of inner pipe
diameter, pipes length, and temperature distributions of both fluids
along the heat exchanger. An examine the adequacy of the
turbulent models in computational fluid dynamics (CFD) codes on
a double pipe heat exchanger to validate an analytical solution
results.

4. Simulation Methodology
There are many steps in the CFD analysis under four stages. The
first stage is problem identification, which includes defining the
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analysis goals and identifying the domain that will be analyzed.
And in the second stage, pre-processing includes creating a solid
geometrical model, designing and generating the mesh, setting up
the physics and defining the solver settings. The solution will be
computed in the solving stage. Finally, in the post processing stage
the results will be examined and the model will be updated if
revisions are needed. In the CFD there are several types of models
related to different situations. Among these in this paper we
adopted turbulent models (k- € standard model, k- ¢ RNG model,
k- o standard model). After the design stage has completed, we
need to analyze our design for validating our results. In the case of
double pipe heat exchanger, the flow of fluids through the pipes
has to be analyzed. For this Computational Fluid Dynamics (CFD)
analysis is necessary. ANSYS is the one of the important software
to conduct the CFD analysis. The CFD analysis mainly based on
the geometry modeled as per the design results. In the case of the
double pipe heat exchanger was modeled in the solid works

(Fig.1).

0% 45000 50000 ey
— T S—
oo G

Figure (1) Schematic diagram of counter flow double pipe heat
exchanger dimensions.
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The analysis was done in ANSYS 15 fluent. The model prepared
in the solid works was meshed (Fig.2) to discretize the entire
structure into finite volumes in this analysis the boundary
conditions are applied at nodes of each finite volume. After
meshing is completed the physical setup for calculations including
boundary conditions and solver settings were entered. After all the
values had entered the CFD computation will be started. The
iterations are continued till the convergence of results had
obtained.

0.070(rm)
1

0000 0.035

Figure (2) Double pipe heat exch"énger meshes distribution.

5. Results and Discussions

The iterations for parallel and counter flow heat exchanger are
shown in table 1. The best inner tube nominal diameter D, ;= 2in.
for both parallel and counter flow heat exchanger, because at this
diameter the pipes length and pressure drops are low. The pipes
length = 7.088m for parallel flow path, and 7.039m for counter
flow path, thus the values of the inner and outer diameters of the
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pipes are d;i=0.0525m, d,=0.06033m, D;=0.07793m, and
D,=0.0889m.
Table 1 Design iteration values for parallel and counter flow heat
exchanger.
Parallel flow heat exchanger | Counter flow heat exchanger
Dni L Apt Apa L Ap: Apa
(in) | (m) (Pa) (Pa) (m) (Pa) (Pa)
0.75 | 36.10 | 197661.7 | 1003.9 35.85 | 196309.6 997
1 23.88 | 40954.8 908.8 23.72 40674.6 902.6
125 | 15.28 7003.8 983.1 15.17 6955.9 976.3
15 | 11.63 | 2542.4 1202.9 11.55 2525 1194.7
2 7.09 466.8 2997.1 7.04 463.6 2976.6
25 4.32 121.3 72699.5 4.29 120.5 72202.2

Table 2 shows the steady behavior of the parallel and counter flow
designed heat exchangers.

Table 2 Heat exchanger performances.
Thi(°C) | Tho(°C) T.i (°C) Teo (°C)
140 125 20 35

Q (W) g
87067.2 0.125

If the fouling factors, Rs and Ry, are negligible, the heat exchanger
pipes length become smaller than for fouled case, it is 4.6417m for
parallel flow path, and 4.6153m for counter flow path with the
same diameters of inner and outer pipes. The above geometry
made in ANSYS workbench. This geometry imported to ansys
fluent and repairs the geometry. The geometry consists of a length
of 4.6417m for parallel flow path, and 4.6153m for counter flow
path. Outer and inner diameter of inner pipe 0.06033m and
0.0525m respectively, and outer and inner diameter of outer pipe
0.0889m and 0.07793m.

Temperature contour plots along the length of the parallel flow
heat exchanger is shown in figure (3), and temperature contour

Z\.}MUNMMJNM
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plots at inlet of the parallel flow heat exchanger are shown in
figure (4).
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Figure (3) Temperature contour plots along the length of the parallel
flow heat exchanger.
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Figure (4) Temperature contour plots at inlet of the parallel flow heat
exchanger.

A comparison study is made on turbulent models (namely, k- ¢
standard model, k- e RNG model, k- o standard model) to examine
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the variation of hot and cold fluid temperature along the length of
the heat exchanger. It can be seen from figure (5) that k- ¢ RNG
model yields the results close to the theoretical results with the

45 -
O 40 -
o
v 35 -
5 ——— The.
w© 30 -
o ——k-€ RNG
g. 25 -
& 20 A —kw

15 T T ) k-g standard

0 2 4 6
Heat exchanger length (m)

Figure (5) Numerical and theoretical temperature distributions of cold
fluid along the length of the parallel flow heat exchanger.

outlet temperature of 38.91°C, and from figures 6, 7, and 8 that k-
¢ standard model yields the results close to the theoretical results
with the outlet temperatures of 121.059°C, 37.485°C and
126.133°C respectively.

145 ~
O 140 -
L3
§ 135 1 —— The.
w© 130 -
@ ——k-£ RNG
Q 125 -
g —k-w
& 120 -

115 . . . ——k-¢ standard

0 2 4 6
Heat exchanger length (m)

Figure (6) Numerical and theoretical temperature distributions of hot
fluid along the length of the parallel flow heat exchanger.
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Figure (7) Numerical and theoretical temperature distributions of cold
fluid along the length of the counter flow heat exchanger.
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Figure (8) Numerical and theoretical temperature distributions of hot
fluid along the length of the counter flow heat exchanger.

6. Conclusions

This paper shows how to do design for double pipe heat exchanger
and determine the best inner pipe diameter, and tubes length. The
temperature distributions of the cold and hot fluids in the heat
exchanger have been obtained and selected the appropriate
turbulent model which yielded results close to theoretical data. The
estimates of temperature distributions in the case of the counter
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flow double pipe heat exchanger are matching well with measured
ones using k- ¢ standard turbulent model of ANSYS (FLUENT).
This study confirms the validation of numerical simulations and
generated models useful in the design as well as in the
performance evaluation of double tube heat exchangers.
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ABSTRACT

The analysis of mandibular size, shape and position in different
divisions of Angle's Class Il malocclusion has several implications
for the diagnosis and orthopedic correction of skeletal
disharmonies. The purpose of this study was to evaluate
mandibular shape, size and position in the two divisions of Angle's
Class Il in a cross sectional sample consisting of subjects with
Angle's Class 1l malocclusion. Two morphometric techniques
(Enlow's analysis and Di Paolo's analysis) were used. The sample
was divided into 20 Class Il division 1 cases and 9 Class Il
division 2 cases. Six angular and 12 linear measurements as well
as 10 proportional ratios were recorded for each subject and
statistical analysis of the data was performed. The size, shape and
position of the mandible in Class Il division 1 were compared to
that of Class Il division 2.

The results of the analysis showed greater mandibular body length
and a better proportioned mandible to maxilla in Class Il division 2
than in Class Il division 1, and no difference was found in
mandibular plane inclination between Class Il division 1 and Class
Il division 2. These observations may lead to the speculation that
growing patients with class Il division 2 malocclusion are
conducive to a good treatment and long term stability.
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1. INTRODUCTION:

When the indications for functional appliance therapy are being
determined, length of the jaw base must be assessed i.e. if the
mandible is retrognathic the question arises whether its size is
relatively small or it is positioned back due to Glenoid fossa
position.

Mandibular size in both divisions of Class Il was the subject of
the investigation for many authors.
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Though some compared Class Il division 1 with the normal and
reported no difference in mandibular size [1,2]. others found
smaller mandibles in Class Il division 1 than normal [3,7]. The
same applies to Class Il division 2 mandibles, where some authors
found no difference in dimensions than normal [8]. while others
reported smaller mandibles in Class Il division 2 than normal [9-
11].

Other studies were conducted to compare between both
divisions of Class Il malocclusions and revealed larger mandibular
dimensions in the division 2 malocclusion subjects [4].

Many investigators reported that mandibular retrusion was a
common characteristic of both divisions of Angle's Class Il
malocclusion [5,12-13].

Other studies have shown that only Class Il division 1 show
mandibular Retrusion [1,3,6,14,15]. in contrary there were some
who reported that Class Il division 2 exhibits mandibular retrusion
[9].

Etiology of Class Il division 2 has been discussed by many
investigators in literature which reported that mandibular denture
in distal in relation to maxillary denture & associated with a
pronounced chin point to offset facial profile disharmony due to
mandibular autorotation [8,10,11,16-19].

In an attempt to find a relation between mandibular retrusion &
glenoid fossa position, some studies have reported that mandibular
retrusion was due to posterior condylar position in Class Il division
2 [20,21]. and in contrary to others who did not find any
relationship between the two and [22,23]. Class Il division 2 it is
mainly dentoalveolar retrusion.

An interesting finding was that in Angle's Class Il it is usually
due to maxillary protrusion [24].
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The assessment of mandibular morphology plays an important
role in treatment planning. Mandibular plane angle was found to
be higher than in normal cases in Class Il divisionl [3,6]. and less
than in normal in Class Il division 2 [8,10,16].

Other features of Class Il division 2 mandibles are prominent
chin [11,25]. deep mentolabial sulcus [11,18]. together with a
hypertrophied mentalis muscles [11]. a large free way space [17].
low gonial angle and backward ramous inclination.

Pancherz [26,27]. reported no basic morphologic
differences between Class Il division 1 and Class Il division 2
except for maxillary incisors position.

2. Objectives

The aim of this study is to determine mandibular size, position
and morphology in the different divisions of Class 11
malocclusions and to compare between both divisions.

3. Material and methods
A- The sample:

The sample used in this study was composed of 29 lateral
cephalograms of growing subjects with Angle Class Il. The sample
was further divided into 20 cases with Class Il division 1 and 9
cases with Class Il division 2.This sample was originated from the
records of a private clinic with the following criteria:-

1- Patients' age range 9-12 years (for both sexes).
2- Bilateral distal molar relationships (for both divisions).
3- Proclination of the maxillary anterior teeth (in Class Il

division 1) .
4- Retroclination of the maxillary anterior teeth ( in Class Il
division 2).
5- Subjects should be free from any diseases that could affect
growth.
450 Copyright © ISTJ Al giaa gohall (35
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6- No previous orthodontic or orthopedic treatment.
B-Methods:

Twenty nine lateral cephalograms taken with teeth in
centric occlusion and lips in repose were used in this study. The
following parameters were measured, showed in figure (1) and
compared:-

1- Angular measurements:
A) Sagittal jaw position and jaw relationship:

SNA, SNB, SNPg,ANB

B) Vertical jaw position & jaw relationship:

SN-MP, Mandibular plane angle

Gonial angle.
2-Proportional Ratios:

Each side of the following ratios were measured then
compared with its counterpart in each analysis:-

A) Enlows analysis:-

1- Nasomaxilla (at Spr): Mandibular corpus (at Ipr).

2- Nasomaxilla (at A point): Mandibular corpus (at B point).
3- Cranial floor (SO): Ramus.

4- Nasomaxilla + cranial floor: Mandibular corpus + Ramus.

(At A point) (So horiz): (At B point).

5- Nasomaxilla + Cranial floor: Mand corpus + Ramus
(A point) (SO horizontal) (At Ipr)

6- Ramus horizontal: Mandibular corpus (B point).

7- Ramus horizontal: Ramus vertical.

8- Ramus Vertical: Mandibular corpus (B point).

B) Di Paolo's analysis:

1- Maxillary base length : Mandibular base length

2- Mandibular base length : ALFH + PLFH /2 (Mean face
height).
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Figure 1. (A) skeletal landmarks used for cephalometric analysis
(B) skeletal line and angle projections used for cephalometric

analysis.

4.Statistical analysis

Statistical analysis of the data obtained was performed using the
students t- test. The comparison between the two groups used the
same statistical test. to compare the size and position of the
mandible in Class Il division 1 to that in Class Il division 2 and
finally correlation between size & position of the mandible was
tested. Statistically significant values were considered if p< 0.05.

5. RESULTS

I- Mandibular Size:
Comparison between linear measurements in the two groups
showed a significantly greater body length and lower posterior
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face height in Class Il, division 2 and a significantly greater
maxillary length in SPr in Class Il division 1. (Table 1)

Table (1) :Comparison between the linear measurements in the two

studied groups

Class II division 1 | Class IT division 2
Mean Mean T P
Max (Spr) 5.77 542 5.37 1 0.0006*
Max (A) 5.201 5.17 0.52 0.3
Cranial 3.506 3.57 0.82 0.2
Mand (Ipr) 5.073 4.92 1.47 0.07
Mand (B) 4.827 4.72 1.009 0.1
Ramus 3.529 3.61 1.08 0.14
Max. length 5.033 5.04 0.63 0.47
Mand. Length 4.384 4.52 2.09 0.01*
ALFH 6.443 6.48 0.403 0.34
PL FH 4.04 4.21 2.036 | 0.023*

*Significant at p value < 0.05

Comparison between skeletal proportional ratios in the 2 groups
showed significantly higher mean value in Class Il division 1 than
in Class Il division 2, in the following ratios:

Max (SPr): Mand (IPr)

Maxillary length : Mandibular length

Max (SPr) + Cranial : Mand (IPr) + Ramus.

(Table 2)
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Table (2) Comparison in skeletal proportional ratios in between
group I and group I1.

Class Il | Class 1
Proportions division | division T P
1 Mean | 2 Mean

Max (Spr): Mand (Ipr) 1.146 111 1.99 | 0.0432*

Max (A): Mand (B) 1.088 1.11 0.89 | 0.1447
Cranial : Ramus 1.001 0.99 0.67 | 0.2503
Max(A)+Cranial:Mand

(B)+Ra 1.051 1.05 0.89 | 0.4226
Max(Spr)+Cranial:Mand | 4 576 | 106 | 7.03 | 0.0002%
(Ipr)+Ra

Max L: Mand L 1.150 1.12 3.98 | 0.0101*
Mand L: FH 0.840 0.85 0.85 | 0.2592
Max. L: FH 0.963 0.92 1.002 | 0.097

* Significant at p value < 0.05

11- Mandibular morphology:

Comparison between the 2 studied groups showed a
significantly greater gonial angle in Class Il division 1 than in
Class Il division 2.

A significantly greater vertical ramus length and ratio of Ra
(vertical)/ Mand (B) were also evident in Class Il division 2 than in
Class Il divisionl (Table3).
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Table (3): Comparison in the parameters indicating mandibular
morphology between group I and group I1.

Class 11 Class 11
division 1 division T P
"Mean"* 2"Mean""
Gonial angle 126.98 124.23 1.98 | 0.046*
ArGo 3.95 4.17 3.02 | 0.0104*
Antigonial 1.807 1.85 061 | 0429
notching
Ra (hor)/ Ma(B) 0.741 0.77 0.89 0.11
Ra (Hor)/ Ra
(Vert) 0.902 0.87 0.91 0.12
Ra (ver)/ Ma (B) 0.824 0.89 5.21 | 0.003*

*Significant at p level < 0.05

111- Mandibular position:

Comparison between the parameters indicating mandibular
position showed significantly greater SNPg angle in Class Il
division 2 than in Class Il division 1(Table 4).

Table (4): Comparison in parameters indicating mandibular
positions between group | and group 1.
Class 11 Class 11
division 1 division T P
""Mean"' 2"'Mean™"
SNB 74.01 74.93 0.98 0.11
SNPg 74.87 76.23 1.79 | 0.038*
MPSN 37.557 37.9 0.72 0.39

*Significant at p level < 0.05

Correlation between mandibular size and position showed
positive correlation of ramus length with SNB and SN Pg and

B gina ol g8a
4830 g o glall 4 ga) Alpall

455 Copyright © ISTJ



International g ok 4050 iy
Science and Technology Journal Volume 24 2 tsans eenr o Teekasng Joursl

il agil Al L January 2021 A I S TIJ /&

negative correlation between the ratio of mandibular length to
mean face height and SN: MP angle (Table 5).

Table (5): Correlation between parameters that indicating
mandibular size and mandibular position.

SNB SNPG MP.SN
Max (SPr): Mand (IPr) -0.142 -0.167 0.123
Max (A): Mand (B) -0.029 -0.053 -0.084
Cranial : Ramus -0.040 0.006 -0.152
Max(A)+Cranial:Mand
(B)+Ra 0.107 0.116 0.056
Max  (Spr)+Cranial:
Mand (Ipr)+Ra -0.133 -0.100 -0.092
Max L: Mand L 0.015 0.034 -0.143
Mand L: FH -0.058 -0.051 -0.211**
Mand B 0.049 0.066 -0.194
Ramus 0.225* 0.20* -0.08
Mand L 0.135 0.115 0.049

*Positive correlation.

**Negative correlation.

6. DISCUSSION
Investigators have been divided among those who consider
mandibular size and shape to be the most critical [3] others who
consider mandibular position to be of more importance [28] and
others who implicate a combination of both size and position [2].
So it was of interest to determine the size, morphology and
position of the mandible in different divisions of Class Il, which
would affect the decision to use a functional appliance in
treatment.

I-Mandibular size
Although a comparison of the absolute measurements was
performed in this study, its main aim was to relate the individual
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counterparts of each patient to himself, and then compare these to
the other group i.e the proportions of Class Il division 1 group
were compared to those of Class Il division 2 which is a truer
picture of each group under Enlow's [29] concept of “aggregate
balance.”

In my study, a greater mandibular length was found in Class Il
division 2 than in Class Il division 1 in contrary to other
mandibular dimensions which showed no difference. This
disagrees with findings of Kerr et al [2] who selected their sample
within the range of orthodontic correction and did not exhibit a
significant degree of skeletal discrepancy.

When relating mandibular length to maxillary length, whether
dentoalveolar or basal, it was found that relative mandibular length
was greater in Class Il division 2 than in Class Il division 1. This
also applies to the collective lengths of the mandibular body and
ramus.

I1-Mandibular morphology

In dentofacial orthopedics a thorough knowledge of mandibular
morphology is essential for diagnosis, treatment planning and
evaluation of treatment results.

In my study gonial angle showed greater mean values in Class
Il division 1 when compared to Class Il division 2 in contrary to
the findings of Kerr et al [2] who reported no difference in gonial
angle between both divisions of Class Il.

Ramus dimensions was smaller in Class Il division 1 compared
with Class Il division2.

Findings of my study agree with those of Maj and Lucchese [8]
who reported exceeding development of ramus height in Class Il
division 2, and disagree with findings of Karlsen [11] and of Kerr

457 Copyright © ISTJ 4B ghaa okl (G48a
;\mb ?3""“ @3.\1\ M



International gt A
Science and Technology Journal Volume 24 2l P ———

il agil Al L January 2021 A I S TIJ /&

et al [2] who reported no difference in ramal length between both
division of Class Il malocclusion.

I11-Mandibular position

Cross sectional cephalometric studies have attempted to define
craniofacial differences between Class Il division 1 and Class Il
division 2. The general consensus has been that it is the position of
mandible that produces a Class Il relationship [5].

In my study, there was no significant difference in mandibular
position between Class Il division 1 and division 2 groups. The
findings of my study agree with findings of Hitchcock [30]. and
Pancherz [26] but disagree with those of Kerr et al [2]. who found
that the mandibule is more retruded in Class Il division 1 than in
Class Il division 2.

As with Karlsen [11] and Pancherz [26] in the present study, it
was found that the chin position in Class Il division 2 was in a
more protruded position than in Class Il division 1, but disagree
with findings of Hitchcock [1,2] who reported no significant
difference between Class Il in chin positions.

Correlation of mandibular size and position revealed direct
correlation only between ramus height and the positions of points
B and Pogonioni.e it seems that the vertical growth of the ramus is
what gives a better position of the mandible in Class Il division 2.

On the whole, mandibular proportions and size other than ramus
length were not found to be correlated to its position i.e a bigger
mandible with good proportions doesn't have to be in a better
position and vice versa.
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A retrusive mandible in the minds of practitioners would
indicate a small mandible that will respond well to a functional
appliance stimulating its growth.

Orthodontists actually have to start evaluating the true position
and shape of the mandible, and its true size related to its
counterparts in the facial skeleton to avoid disappointment in
functional appliance treatment, with special reference to those
Class Il division 2 cases where the morphology and size of the
mandible seems to be closer to normal.

7. Conclusion

e Greater mandibular length was found in class Il division 2
than in class Il division 1.

e Gonial angle showed greater mean values in class Il
division 1 when compared to class Il division 2.

e There was no significant difference in mandibular position
between class 11 division 1 & division 2 groups.

e Orthodontists actually have to start evaluating the true
position and shape of the mandible, and it is size related to
its counterparts in the facial skeleton to avoid
disappointment in functional appliance treatment, with
special reference to those class Il division 2 cases where
the morphology and size of the mandible seems to be closer
to normal.
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Abstract:

Vertical multiphase flow gradient curves for four wells in X- field
were constructed using actual flowing pressure survey data, the
vertical multiphase flow gradient curved were also constructed
using appropriate multiphase flow vertical correlations by utilizing
reservoir, well and PVT data Multiphase flow vertical gradients in
oil wells are needed for the design of artificial lift systems as well
as for the design of well flow productivity. These gradients are
measured in the well directly during bottom hole flowing pressure
surveys. But in most cases these measurements are not available
during the installation of the artificial lift systems. Similarly, these
measurements cannot be made if the well is not flowing.

In this study we analyzed pressure gradient (pressure vs. depth) for
four wells under gas lift. In addition, an investigation was made in
order to find the best suitable correlation among the existing
correlation in the literature for Y- reservoir oil wells.in additional
software was used to optimize the best correlation close to actual
flowing pressure gradient. These multiphase flow curves were
utilized in the preparation of the vertical lift performance (VLP)
for the four wells which are used for the determination of the
prosper well design, gas lift design. The actual measured vertical
flow pressure traverses trend for most wells matches very well
with existing multiphase vertical pressure correlations depending
on each well. Nevertheless, the difference between correlation
matches for studied wells affected by parameters like the WC%,
flow rate, bottom hole flowing pressure and free GOR at surface,
accordingly, the selection of the suitable multiphase flow
correlation was made by comparing the actual flowing pressure
gradient with the existing correlations.

Keywords: Vertical multiphase flow, flow gradient curved, well
and PVT data, gas lift.
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1. Introduction
Multiphase phase is defined as the flow of oil along with gas in the
completion assembly. This flow can exists in reservoir, wellbore,
and at surface facilities. Meanwhile, this multiphase flow can
occur in different frequencies depending upon the concentration of
gas in oil. Therefore, it is important to predict multiphase flow
earlier in the design. In this regard, multiples correlations are used
to model multiphase model, which are discussed below (Amy,
Bass, & Whiting, 1960; Brown, 1977). Moreover, it is important to
notice that when there is single-phase flow (laminar or turbulent)
that may be either oil or gas in the well bore, calculation becomes
easy (Baxendell,. 1958), but in case of multi-phase flow, the
consideration of interfacial tension, and flow pattern becomes
crucial because each phase has its own velocity. When these
phases move with different velocities (due to differences in
densities), slipping occurs, as a result lighter phase moves with
faster velocity as compared to heavier phase, leaving the oil
accumulated in the wellbore and causing well holdup (Brown,
1977; Campbell, 1994).
Additional important consideration happens as the oil start
producing through tubing, pressure drops due to which gas starts
liberating from oil and as a result, different types of flow occur. It
is desirable to produce the well above bubble point if the pressure
gets dropped below bubble point then gas will start liberating
inside the tubing and multi-phase flow will occur (Frick & Taylor,
1962). When multi-phase flow occurs in the wellbore then there
are certain factors on which flow pattern depends and among them
pressure is the factor (Brill & Beggs, 1978).

In this regard, different correlations are used to analyse flow
pattern in multi-phase flow. Below, those correlations are
discussed in detail (Duns Jr & Ros, 1963; McCAIN, 1990).

. Hagedorn and Brown Correlation (1965);
. Duns and Ros correlation for multiphase flow in oil
wells;
. Duns and Ros modifications;
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geothermal wells.

2. Principles of Gas Lift

When the well is ready to go for production, initial amount of oil
comes to the surface due to the natural energy of reservoir, as this
production continues, energy or pressure gets reduced (Nishikiori
et al. 2014 and Laing,. 1989), and hence a time comes when
deliverability of reservoir becomes greater than deliverability of
well which means oil gets accumulated in the vicinity of well bore,
but does have enough pressure to come to the surface. To bring
that oil to the surface we use gas lift method where gas gets
dissolved in oil and hydrostatic head of oil reduced and gas along
with oil come to the surface (Ferdian & Pahlevi, 2016). This
process can either be of continuous type or of intermittent type.
The entire operation is primarily based on values which also serve
as pressure regulator. It contains a spring that pushes the tip
alongside the seat (Poettman et al. 1952). When these forces get
dominated by gas being injected it gets opened and allows the gas
to flow through this valve (Ferdian & Pahlevi, 2016).

3. Field Data

3.1 X- Field recovery mechanism

The increase of oil recovery and reservoir pressure maintenance, a
pilot water injection project was performed in 1969 through well
(N1, N20, N26 and N38) but it was aborted in early 1976 after
injecting 9.15 (MMbbl) water. Similarly, gas injection initiated in
May 1974 through well N11 and it was discontinued in 1979 after
injecting 1.9 (BScf). During January 1976, 1.4 (MMScf) of gas
was injected through well N28 and was then discontinued. At
present, the field-X producer water injection project (APWI) in the
reservoir is undergoing since October 2007. The target water
injection was setup at 20,000 (BWpd) through 3 existing injector
wells. The objective is to arrest the low reservoir pressure at the
mid part of the field where most of the production is coming from.
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The water injection uses produced water from stations (3, 5 and 6)
is being injected through injector wells (N04, N11 and N15).
Injection rate was not stable due to operational problems and
problems to put the injected water on specifications. Peak injection
rate was 20 (MBWIPD). To the end of 2012 a total of 16.39
(MMBW) has been injected at a rate of 12.7 (MBWPD). Water
injection volume is increased to 20,000 by adding the well N18
that is currently producing, or another well determined after
simulation study is finished. Mainly oil recovery mechanism of
Field “X” is present at the edge of water drive reservoir. The
average reservoir pressure is being maintained at around 3117
(Psi) by active edge water drive supplemented by the water
injection. The northeastern and southern parts of the reservoir are
affected by water encroachment of edge water drive in the Maragh
producing member. To increase the recovery efficiency, ten infill
wells and one appraisal well have been drilled to date. The table 1
illustrates the significant data for Y- reservoir.

Table 1: Summary of Significant Data of the Reservoir

Parameters Values Units
Formation Area (A) 48000 Acre
Formation Thickness(h yet) 37 Ft
Formation Depth (D) 9900 Ft
Initial Reservoir Pressure (P;) 4690 Psia
Bubble Point Pressure (Py) 2180 Psia
Reservoir Temperature (TRes) 240 ‘F
Avg. Porosity (bAvg) 18 %
Initial Water Saturation (Swi) 44 %
Avg. Permeability (KAvg) 31 md
Gas Oil Ratio (GOR) 588 Scf/Stb
FVF @ Initial Pressure (Boi) 1.338 Rbbl/Stb
Qil Viscosity (uo) 0.785 cp
Oil Gravity (API) 37 °API
Rock Compressibility (Cr) 3.06x10-6 Psi?
Original Qil in Place (Ni) 5000 MM Stb
Initial Oil Reserves (Np) 916 MM Stb
Recovery Factor (RF) 18 %
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3.2 Calculations and analysis of the results

The main objective of this study to analyze the pressure gradient of
the selected wells at different times for different flow rate and to
find out the main relationship between pressure and depth at
different flow rate for each selected wells. Considering all the
wells in the reservoir are started production under natural flow and
then changed to artificial lift (Gas Lift). The production and
pressure survey data of the wells are shown in tables 2 and 3.

Table 2: Production Data of Different Wells

Well Numbers N18 N36 N 49 N 60
Liquid Flow Rate, QL (STB/D) | 1110 1000 814 515
Water Cut, Wc (%) 75.1 43.9 8.5 0
Oil Rate, QO (STB/D) 400 650 745 515
Water Rate, QW (STB/D) 710 350 69 0
Gas Oil Ratio, GOR (Scf/STB) 723 614 518 676
Table 3: Pressure Survey Data of Different Wells
N18 N3e N4o N60
7 i iz | £ ez | £ 7 g |_3|:¢
= £ sz ! R iE - =z -4 =8 22
& =] -] = i Z= = e 1 = 7 -
3 < 23 = | F | =% = | F 2| F | ==
E g = E : | = E : E | =3
0 151.99 102.09 0 1003.34 0 04.95 7345 0 §1.11 7341
1000 132,80 168.27 2000 1058.85 2000 205.55 171.46 1000 136.6 118.55
1207 388.31 183.75 4000 1108.4 4000 320.16 104.82 1063 189.02 142.86
2437 410.82 186.30 5538 1146.49 6052 450.5 213.15 2203 104.44 145.08
4142 637.7 202.99 5638 1148.72 6152 459.19 214.2 3520 257.72 165.99
4282 646.93 206.59 6899 1183.58 6812 500.03 219.26 3660 262.8 167.83
5713 749.50 213.5 6999 1187.06 7473 544.98 224.03 4850 322.30 181.0
5853 798.98 215.37 7981 1216.24 7573 55111 224.77 4990 3255 183.46
6007 018.14 122.86 8081 1218.31 §158 505,78 228.56 6045 378.82 104.03
7137 977.32 134.83 8838 1243.87 8742 642.73 232.36 6185 386.00 105.28
8007 1237.06 130.57 8038 1247.63 5842 650.12 233.01 7038 428.52 203.71
8147 1288.04 240.37 0568 1321.38 9264 684.03 235 7178 436.62 204.89
8767 1550.20 14348 0668 1353.88 0686 720.26 236.82 7028 473.77 100.16
8907 1615.20 143.01 10194 15238 9786 732.68 241.85 8068 480.84 109.85
9278 1778.30 145.05 10235 | 1547.35 10020 798,80 243.14 8662 512.50 212.29
9418 1834.47 214541 - - - - - 8802 526.8 124.76
0040 2074.11 146.52 - 0267 586.32 134.14
10218 2206.85 147.24 9407 605.84 13544
- - - 0500 633.04 136.62
9730 656.6 137.15
10100 | 756.00 240.2
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3.3 Analysis Procedure for Gas Lift Wells

In this work the following procedure was followed: The pressure
survey tests of X- field reservoir and the wells were collected, and
then screening data for each well was plotted. All the data were
then plotted on single plot as shown in figures (1, 2, 3, 4, and5).
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Figure 1: Pressure Gradient of N18 Well
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Figure 2: Pressure Gradient of N36 Well
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Figure 5: Pressure Gradient of all Wells

3.4 Software Analysis
The PROSPOR software was used to generate lift curves, and to
optimize the best correlation close to actual flowing pressure
gradient measurement with different worldwide correlation
consequently, ten pressure survey tests are used at different times.
The summaries of Proper results based on correlation optimization
are shown in table 4and 6. The table 5 illustrates the input data in
Prosper design for the wells (N18, N36, N49, and N60). The
results of gas lift design are shown in appendix.

471

Copyright © ISTJ

W\JNMMJMIM



International

Science and Technology Journal

Al psial dglpa) Al

Volume 24 )
January 2021 s\

Ly g g

| vt nal Sy il Torlisiagy Jusrael

ISTAN

Table 4: Summary of Prosper Results based on Correlation

Optimization
Well Name Test Date Best Correlation Standard deviation
N18 30/04 /2008 Mukerjee Brill 114.346
N36 4/8/2010 Duns and Ros modified 80.1156
N49 13/02 /2009 Petroleum Experts 4 6.40055
N60 15/04 /2010 Fancher Brown 12.8655
Table 5: Total Input Data in Prosper Design for the Wells
well | Pwh | o “’:Z{gh GOR | GORfree | Depth of
No Psig (STB/day) (scf/STB) | (scf/STB) | injection(ft)
N18 | 151.39 75.1 1110 723 196.48 7144.458
N36 | 100.34 43.9 1000 614 87.48 9314.478
N49 94.95 8.5 814 518 8.52 9967
N60 81.11 0 515 676 149.48 9790
Table 6: Statistical Parameters for the Wells
Well Numbers
Correlations N18 N36 N49 N60
Standard Standard | Standard | Standard
Deviations | Deviations | Deviations | Deviations
Duns and Ros Modified 131.045 80.1156 9.82218 16.017
Hagedorn Brown 185.709 113.274 13.1265 28.9
Fancher Brown 141.095 142.307 7.72561 12.8655
Mukerjee Brill 114.346 99.4664 12.1879 19.0188
Beggs and Brill 151.321 83.7144 10.0158 18.8135
Petroleum Experts 189.006 101.25 11.2901 26.8321
Orkiszewski 224.975 83.0826 23.5011 34.9987
Petroleum Experts 2 184.058 98.9499 11.2842 29.4855
Duns and Ros Original 134.227 133.508 10.2476 17.8483
Petroleum Experts 3 192.912 121.005 11.9523 27.9676
GRE (modified by PE) 175.547 115.558 7.74449 22.7558
Petroleum Experts 4 120.616 117.367 6.40055 15.6013
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The modeling results for the wells (N18, N36, N49, and N60) are
shown in figures (6, 8, 10, 12). represented by the well pressure
gradient curve and addition to the gas lift design curves are shown
in figures (7, 9, 11, and 13).
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Figure 6: Pressure Gradient of Well N18 Using Software
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Figure 7: Gas lift design for well N18
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Figure 9: Gas Lift Design for Well N36
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3.5 Summary of Gas Lift Design
Summaries of the gas lift design for the wells are shown in table 7.

Table 7: Summaries of the gas lift design of all the wells

Well Number Orrifice Q before Design Q desired
Number
of Valves Depth (ft) (STB/day) (STB/day)
N18 5 7704 1110 1600
N36 7 9917.681 1000 1600
N49 6 9967 814 1600
N60 7 8822 519 1600

4. Conclusions

The actual measured vertical flow pressure traverses trend for most
wells matches very well with existing multiphase vertical pressure
correlations depending on each well. It was found that the behavior
of the vertical multiphase flow gradient traverse for all studied
wells in the field follow different vertical flow correlation
depending on each well.

The difference between correlation matches for studied wells
effected by parameters like (Wc%, flow rate, bottom hole flowing
pressure and free GOR at surface) although some parameters does
not affect the matches like (PVT properties, and Well
configuration and depth).

5. Recommendations

e The multiphase flowing pressure gradient correlations
existing in the oil industry should be used only if the
behavior of the flowing pressure gradient in the well gives
good match with the correlation without any fixing of the
input parameters to these correlations.

e It is recommended that similar graphical multiphase flow
pressure gradient correlation can be constructed for any
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field that the flowing pressure data do not give a match
with the exiting correlations presented in the oil industry.
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Appendix
Table: Gas Lift Design for the wells

WelLN1§
Valve Number 1 2 3 4 5
Valve Name GL Valvel| GL Valve2 | GL Valve3 | GL Valve 4 | Orifice
Valves depth (f) | 2796.348 | 4648854 | 5884.821 | 6670.593 | 7144.49
Unloading casing | 5000517 | 1358336 | 1387.346 | 1399.926 | 1401.38
pressure (psig)
Objective twbing | o5 10y | 849526 | 1057.091 | 1193607 | 12777
pressure (psig)

Temperature (°F) | 170.502 198.169 214.544 223.729 | 228.695

Well-N36
Valve Number 1 ] 3 4 5 1 7
o GL Valve | GLValve | GL Valve | GL Valve | GL Valve | GL Valve ,
Valve Name i y 3 4 g 6 Orifice

Valves depth (ft) | 274829 | 475164 | 627907 | 742523 | 820541 | 886447 | 9314478

Unloading casing | —y,0) 70 | y30s57 | 132,609 | 140696 | 142093 | 142669 | 1427.225
pressure (psig)
Objective tubing | o507 | 718,62 | 908,049 | 105463 | 116478 | 124488 | 1305964
pressure (psig)

Temperature (°F) | 202486 | 218.714 | 228.396 | 233912 | 236903 | 23845 | 230.274
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Well-N49
Valve Number 1 2 3 4 5 [
Valve Name | GL Valvel | GL Valve 2| GL Valve 3 | GL Valve 4 | GL Valve § | Orifice
V“]"‘E;?“p‘h 2593380 | 4846.5 6702925 | 8145858 | 9213.03 | 9967

Unloading
casing pressure | 1315.067 1393.08 1450.567 1489.954 151443 |1527.16

(psig)
Objective
tubing pressure| 412.013 | 641249 | 859707 | 1046949 | 119536 |1305.89
(psig)
T““I(’frf';'"“ 129.021 | 17035 203.069 225.667 238.198 | 242.56
Well-N6D
Valve Number | 2 3 4 5 b 7
R GL Valve | GL Valve | GL Valve | GL Valve | GL Valve | GL Valve | _ ,
Valve Name { ) 3 4 : 6 Orifice
Valves depth (ft) | 2732437 | 4837.108 | 6491.089 | 7750.943 | 8678.5) 0338 9790
Caloading casing | 1200 131 | 1363061 | 140865 | 1430.085 | 145738 | 1466486 |1467.882
pressure (psig)
Objectivebing |- c o | 67327 | 96898 | 1030999 | 115772 | 1250264 |1315.301
pressure (psig)

Temperature ('F) | 181138 | 207.967 | 224.634 | 233980 | 238612 | 240.548 | 241.146
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Abstract

The aim of this research paper is to provide a prototype for the
future’s smart wearable earplug. Users will be able to wirelessly
receive audio response from an application on mobile devices such
as smart phones. Users can communicate by speech recognition
technology or through in-ear Electroencephalogram EEG signal
sensors with the application. The earplug is able to detect
physiological parameters such as body temperature, pulse rate,
measure oxygen level in the blood and stress, and generate
notifications to wusers. Integration with the promising 5G
technology is considered to provide better communication and data
transmission between the servers on the internet. Human factors
including friendliness, obtrusiveness, privacy, customization,
reliability and wearability are observed. The smart earplug is being
targeted for large population of users including aging people and
people with disabilities such those who have memory disorder and
patients’ in need to monitor their physiological parameters. It can
be used also by general people to receive notifications, reminders
and provide ubiquity interaction experience between users and
devices. This research has achieved providing prototype of smart,
wearable, and ubiquity earplug, and the implementation will be
accomplished in future research.

Keywords: Smart Earplug, Voice Recognition, EEG Sensors,
Physiological Monitoring, Wearable, Healthcare, Human Factors.

1.0 Introduction
About two decades ago, some designers looked at making earplugs

easy to insert, more flexible, more comfortable, more noise
protective, and at the same time not easily misplaced or lost, so the
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earplugs can be more compactable and wearable [1]. A few years
after, researches started thinking to design electronic earplugs that
can be more useful for long term use supporting many audio
applications such as in communications [2]. Then the idea became
even more sophisticated that earplugs are being designed to suite,
for example, personal alarms [3], hearing aid [4], wearable
augmented reality audio [5]. In the recent years, the concept of
smart earplug has emerged. According to Hush Technology [6],
the world’s first smart earplug will be in the market in the near
future, but how much has been really achieved in this concept, and
how well the future’s smart earplug will be designed and what it
will provide to its users. The paper’s goal is to provide a coherent
prototype of smart earplug. Patients, for example, can set the time
to take medicine by speaking to the application on smart phone,
and then a massage is replayed to them on time. It can help in
monitoring patients by recording their physiological parameters.
Also, business people who have lots of appointments and tasks and
living in busy life style can benefit from its features get
notification at their appointments, and a good thing is that users
will get responses in a way that nobody around them can notice.

2.0 Human Factors

Although many wearable devices have been suggested, the usage
of these devices is still not very mature compared with, for
example, the mobile devices [7]. As one of the reasons behind the
wearable technologies is hands-free interface, using headsets and
head mounted displays [8], worn gestural detection sensors [9], or
other worn devices to allow users easily interact with systems.
This should have in tern consideration to human factor as people
may need to use such devices in the daily bases and/or for long
term use [10].
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A list of human principles or factors that should be considered
when designing wearable interface is represented in [11]. Some of
these factors include: user friendliness which consider the mental
abilities of users by providing interaction options and easy error
recovery approach; obtrusiveness which refers to considering to
what extent intrusion will take place to, for example, use
physiological sensors with a wearable device putting into account
the constraints of human body; privacy which refers to the
exchange of information during the input and output interaction;
customization in terms of size, shape, colour and diminutions;
reliability which refers to the wearable device should by trusted by
users providing effective response with no risk or harm
concerns;simplicity where the ease to use should be considered in
terms of simple interaction approach and understandable feedbacks
when needed; and wearability.

3.0 Speech Recognition Technology

Well-known companies such as Microsoft, Google and Apple have
adapted the technology to be used with mobile devices such as
smart phones [12]. Apple, for example, has integrated Siri
application in IPhones since 2011 [13].The experience of Siri as
ubiquitous intelligent personal assistant revealed the ability to have
natural language interface [14]. Users can speak to Siri to search in
the internet, set reminder list for shopping , and they can schedule
appointment so they can receive alarm on time [13].

This is Automatic Speech Recognition where the user’s speech in
wave-form is converted to a data representation that Siri can
understand, and then Siri can react to response to the user’s desires
[15]. In other words, in the scheduling process, the user uses
linguistic input as commands to set basically an alarm. However,
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this process can fail if there is other sounds around which can
impact the wave-form by noise [15]. More intelligence can be
added as well. For example, in the case when the users receive
long notification massage or advice on things that they should
prevent such as eating advice, users can stop or reset the
notification by moving their eyebrows by adapting in-ear EEG
technology [16] which will be considered in the following section.

4.0 In-ear EEG

Considerable research in Electroencephalogram EEG technology
has been conducted in recent years in order to enhance its use in
brain computer interface BCI. The aim of EEG is to make use of
the detected brain activities by translating the detected signals to
some kind of commends, and therefore the user can interact with a
machine [17]. Also, researchers have focused in improving the
electrodes used to detect the signals. They have developed dry
electrodes to avoid using gel on the scalp such as in Emotiv
EPOC!. However, other researchers have stated that the on scalp
electrodes may not be sufficient for long term use as a wearable
device, especially because they need to be attached to a cap and/or
adhesive [16]. Hance, other solutions have been proposed. For
example, one of the solutions was to design and develop wearable
earplug whereby the EEG electrodes are embedded [16]. This idea
was compared with the conventional on-scalp electrodes in terms
of the ability to detected brain signals. Also, Looney et al [18]
have developed in-ear EEG electrodes placed in the ear canal (see
Figure 1), and could record EEG signals, but they found it weaker
than EEG signals detected by on-scalp electrodes, but there has
been excellent correlations between the two detected signals.

'Emotiv EPOC: Commercial EEG product used mostly in research, features can
be found in http://www.emotiv.com/epoc/
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Figure 1, in-ear EEG electrodes [18].

Lee et al. in [19], on the other hand, have successfully recorded
Alpha rhythm by both conventional on-scalp electrodes and by
earphone-shaped, gel-free electrodes (see Figure 2). Their
conclusions revealed the ability to use the recorded EEG signals
for clinical and BCI purposes as well.

(@)

CNT/PDMS !
electrode |

Figure 2, earphone-shaped EEG electrodes [19]

5.0 Monitoring Physiological Parameters

Some wearable biosensors were designed to be worn on the wrist,
chest, and with clothing [20]. However, as this research considers
the design of wearable earplug, the focus in this section will be on
biosensors used in the ear region.
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A method to measure heart rate and other physiological parameters
was stated in [21], by using biosensors embedded in traditional
earphone connected to smartphone as platform for the application.
Further, since the heart rate can be measured from the ear region,
the relationship between the heart rate and stress can be exploited
to estimate the user’s acute stress thereby analysis process of the
increment and decrease of heart rate [22]. In addition to that, the
concept of measuring the oxygen level in the blood known as
(Pulse Oximetry) has been approved through using earphone
shaped device with infrared Light Emitting Diode LED, that is
used to compare oxygen levels in blood vessels by processing a
signal called Photo plethysmograph (PPG) [23]. Furthermore,
more recent invention has proposed a monitoring device worn in
the ear. The device is called light-guiding device that can be used
to measure physiological parameters. It basically uses a light
emitter to direct the light into the ear, and then the subsequence
light is detected from light detector, the overall process suggested
this optical communication method may be used to detect/measure
muscle tension, skin and body temperature, blood flow and heart
rate, and possibly other parameters as well [24].

6.0 Proposed Design
The previous section has discussed three emerging technologies:

voice recognition, in-ear EEG monitoring, and monitoring
physiological parameters from the ear region. In this section, the
proposed design is to integrate these three technologies in
wearable earplug, and the earplug communicates wirelessly with
application in mobile device such as smart phone. The concept of
the design is represented in Figure (3).
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Figure 3 represents the concept of the proposed design

Firstly, ones the earplug is worn, it will communicate with the
application via Bluetooth signal in order to transmit and receive
signals. Secondly, the application and the mobile device
capabilities improved in future as the technology is growing
rapidly especially with processing of earplug signals using 5G
technology [25], the processing of EEG signal for at least one or
two commands would be accomplished in the mobile device.
Thirdly, the detected EEG signal for clinical monitoring purpose
[19] and physiological parameters are both communicating with
hospital server via secure network. Fourthly, the user’s voice
commands are communicated with voice recognition server to help
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to understand the voice commands, though this might be done in
mobile devise in future.

6.1 The Wearable Smart Earplug Design

The integration of in-ear EEG and biosensors in a small wearable
device like wearable earplug can be challenging even in the future.
However, some studies have already approved the ability to use
these technologies in the ear region as mentioned in the
Background Research section. This subsection will describe a
design of wearable smart earplug.

As can be seen in the drawing in Figure (4), the earplug is
designed to contain seven main parts. The speaker is to allow the
user to hear recorded voice messages and medical advices, for
example. Low density foaming that can provide comfortable
wearable earplug, can be placed in the ear canal without affecting
the internal surface of the ear, and it does not fully eliminate the
surrounding sounds as it has low density foaming. An optical
biosensor can detect several physiological parameters. The optical
biosensors as a feature can be switch on when needed, for
example, when the user feels unwell or when the user is under
clinical monitoring as patient, and otherwise it should be better
switched off to reduce power consumption. The EEG electrodes
are designed to be two non-intrusive electrodes (ground and
reference), and embedded on the earplug. There are also two
biosensors to detect continuously, if needed depending on the user,
two core physiological parameters, for example, body temperature
and heart rate.
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1- Speaker
2- low density foaming

3- Optical biosensor

[ ] 4- EEG electrodes
5- physiological senores
6- microcontroller
7- Tiny battery

8
9 8- The smart earplug
9- Chargeable case
— 10 10- Case battery

Figure 4 represents drawing of parts of the proposed smart earplug

The microcontroller is the part designed to take control over the
multi signals in the earplug, the audio signal, the EEG signal and
the biosensors signals. It will work with the application in the
mobile device to communicate the required signals.
Microcontroller is chosen instead of microprocessor because the
earplug is not designed to carry out signal processing, and
microcontrollers are better in terms of power consumption [26].
Finally, the last main part in the earplug is the tiny battery, and it is
designed to be embedded in a medial layer between the internal
layer (which contains the EEG electrodes and the biosensors, with
cavities to avoid contact with the battery) and the external layer
(which contains the foaming).

The battery life is assumed to last for at least 24 hours. This can be
achieved through exploiting the improvement in the design of low
power consumption for wireless sensors and microcontrollers such
as the low power wireless biosensors introduced in [27]. Besides
that, as can be seen in Figure (4), the earplug case itself is designed
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to have rechargeable battery that can be used to recharge the
earplug battery when need. This idea is taken from Hush
Technology smart earplug where the earplug case can be used to
recharge the earplug up to ten times?.

6.2 User Interaction Scenario

This scenario considers the detection of the user’s physiological
parameters and brain EEG signals for clinical monitoring
purposes. The user has the option to set this feature off or on
simply by voice commands. For example, EEG clinical monitoring
feature can be turned off, and EEG command feature can remain
on, or both features can be set to off. Similarly, the user can stop
physiological monitoring, or use only primary biosensors for body
temperature and heart rate, or use the optical sensors to monitor
more physiological parameters. The recommended option for users
not feeling well and patients is to set all sensors on, so medical
advices can be received according to their conditions.

An example for clinical monitoring is represented by flowchart in
Figure (5). The detected signals by embedded sensors in the
earplug are transmitted via Bluetooth signal to the application in
the mobile device. The mobile device transmits these signals to
hospital server. Once the signals processed at the server, the
outputs enter an artificial intelligent system (for example, fussy
system or neural network intelligent system) in order to find any
unusual patterns and notify the user with advices when needed,
this is all done in clinical server, and doctor confirmation may be
required such as the system proposed in [28].

2 Some features of Hush smart earplug battery life and rechargeable case: more
information can be found in
http://www.prweb.com/releases/HushKS/Press/prweb12390873.htm
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Figure 5 represent flowchart for the user interaction scenario

Other features can be also integrated such as if the medical advice
advices to see the doctor, the user can speak to the application and
the user’s message can be sent to the medical server to make
appointment, and the systems keeps updating the user for the
appointment process through voice messages to the earplug.
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7.0 Disscussion of Benefits and Risks
One of the most important benefits of such smart wearable earplug

is the wearability feature. It is nearly invisible, easy to wear which
means does need doctor assistance for instance, and it does not
affect the user’s movements and daily activity. Also, the embedded
sensors on the earplug to integrate three technologies is worth
solution when it comes to long term clinical monitoring which in
turn require considering confortable wearable device to do so.
Another benefit is that the earplug helps in providing natural
interaction with for users through EEG signal commands and voice
recognition response, and therefore it can help busy people, people
with disabilities to easily interact with machines.

Investing in such project may be costly. However, as the
technology is going cheaper every year, the wearable earplug can
help save people’s lives through the easy to use clinical
monitoring, and may also help to increase productivity in work
place through the easy natural interaction with mobile device.

The risk to this project in terms of users is low uptake of using the
wearable earplug because of concerns about their medical data.
Thus, this risk should be put into account. Clear agreement when
installing the application should be made to keep the user’ data
confidential and used for their medication purposes only, with high
security measures. With regard risks related to project developers,
there is a risk of not being able technically to develop the wearable
smart earplug and its associated systems. However, this risk might
be mitigated by more research, more technical skills and new
innovations in the future.
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8.0 Conclusion
This paper has provided a prototype for the future’s wearable

smart earplug, a design of new experience in the way people
interact with machines. The targeted users are people with
disabilities, busy people, and other normal peoples as well. The
aim was to design wearable device that can be used to interact
naturally with mobile devices and used for clinical monitoring as
well. Three emerging technologies were explored namely speech
recognition, in-ear EEG brain activity detecting and detecting
physiological parameters from the ear region, in order to integrate
them in small wearable device “smart earplug”. Finally, the
project’s benefits and risks were briefly illustrated. To conclude, it
is believed that the idea of small wearable device is promising, and
it can provide more natural interaction between users and
machines. However, more effort in the technologies is required to
make this idea really available for everybody in the world in the
near future.
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