Online ISSN : 2249-4626
Print ISSN : 0975-5896
DOI: 10.17406/GJSFR

GLOBAL JOURNAL

OF SCIENCE FRONTIER RESEARCH. |

Interdieiplinary

Storage of Natural Gas )
. _ [ IR\ \ -
Natural Gas in Hydrate State : B Assessment of Prescribing Practices

Discovering Thoughts, Invent ng Future

VOLUME 17 ISSUE 2 VERSION 1.0

©2001-2017 by Global Journal of Science Frontier Research, USA



&

GLOBAL JOURNAL OF SCIENCE FRONTIER RESEARCH: |
INTERDISCIPLINARY




GLOBAL JOURNAL OF SCIENCE FRONTIER RESEARCH: |
INTERDISCIPLINARY

VOLUME 17 ISSUE 2 (VER. 1.0)

OPEN ASSOCIATION OF RESEARCH SOCIETY



© Global Journal of Science
Frontier Research. 2017.

All rights reserved.

This is a special issue published in version 1.0
of “Global Journal of Science Frontier
Research.” By Global Journals Inc.

All articles are open access articles distributed
under “Global Journal of Science Frontier
Research”

Reading License, which permits restricted use.
Entire contents are copyright by of “Global
Journal of Science Frontier Research” unless
otherwise noted on specific articles.

No part of this publication may be reproduced
or transmitted in any form or by any means,
electronic or mechanical, including
photocopy, recording, or any information
storage and retrieval system, without written
permission.

The opinions and statements made in this
book are those of the authors concerned.
Ultraculture has not verified and neither

confirms nor denies any of the foregoing and
no warranty or fitness is implied.

Engage with the contents herein at your own
risk.

The use of this journal, and the terms and
conditions for our providing information, is
governed by our Disclaimer, Terms and
Conditions and Privacy Policy given on our

website http://globaljourna s.us'terms-and-conditi on/
menu-id-

By referring / using / reading / any type of
association / referencing this journal, this
signifies and you acknowledge that you have
read them and that you accept and will be
bound by the terms thereof.

All information, journals, this journal,
activities undertaken, materials, services and
our website, terms and conditions, privacy
policy, and this journal is subject to change
anytime without any prior notice.

Incorporation No.: 0423089
License No.: 42125/022010/1186
Registration No.: 430374
Import-Export Code: 1109007027
Employer ldentification Number (EIN):
USA Tax ID: 98-0673427

Global Journals Inc.

(A Delaware USA Incorporation with “Good Standing ”’; Reg. Number: 0423089)
Sponsors: Open Association of Research Society
Open Scientific Standards

Publisher s Headguarters office

Global Journals® Headquarters

945th Concord Streets,

Framingham Massachusetts Pin: 01701,
United States of America

USA Toll Free: +001-888-839-7392
USA Toll Free Fax: +001-888-839-7392

Offset Typesetting

Global Journals Incorporated
2nd, Lansdowne, Lansdowne Rd., Croydon-Surrey,
Pin: CR9 2ER, United Kingdom

Packaging & Continental Dispatching

Global Journals Pvt. Ltd.
E-3130 Sudama Nagar, Near Gopur Square,
Indore, M.P., Pin:452009, India

Find a correspondence nodal officer near you

To find nodal officer of your country, please
email us at local@globaljournals.org

eContacts

Press Inquiries: press@globaljournals.org

Investor Inquiries: investors@globaljournals.org
Technical Support: technology@globaljournals.org
Media & Releases: media@globaljournals.org

Pricing (Including by Air Parcel Charges):

For Authors:
22 USD (B/W) & 50 USD (Color)
Yearly Subscription (Personal & Institutional):
200 USD (B/W) & 250 USD (Color)



EDITORIAL BOARD

GLOBAL JOURNAL OF SCIENCE FRONTIER RESEARCH

Dr. John Korstad Dr. Mazeyar Parvinzadeh Gashti

Ph.D., M.S. at California State University Ph.D, M.Sc., B.Sc. Science and Research Branch of Islamic
Professor of Biology Azad University, Tehran, Iran
Department of Biology Oral Roberts University Department of Chemistry & Biochemistry

University of Bern, Bern, Switzerland

Dr. Rafael Gutiérrez Aguilar Dr. Eugene A. Permyakov
Ph.D., M.Sc., B.Sc., Psychology (Physiological). National Institute for Biological Instrumentation
Autonomous University of Mexico. Russian Academy of Sciences, Director, Pushchino State

Institute of Natural Science, Department of Biomedical
Engineering, Ph.D., in Biophysics

Moscow Institute of Physics and Technology, Russia

Andreas Maletzky Prof. Dr. Zhang Lifei

Zoologist, University of Salzburg, Department of Dean, School of Earth and Space Sciences
Ecology and Evolution HellbrunnerstraG3e, Salzburg Ph.D., Peking University
Austria, Universitat Salzburg, Austria Beijing, China
Tuncel M. Yegulalp Prof. Jordi Sort
Professor of Mining, Emeritus ICREA Researcher Professor
Earth & Environmental Engineering Faculty, School or Institute of Sciences
Henry Krumb School of Mines, Columbia University Ph.D., in Materials Science, Autonomous University
Director, New York Mining and Mineral of Batcelona, Spain

Resources Research Institute, USA

Nora Fung-yee TAM Dr. Matheos Santamouris

DPhil Prof. Department of Physics
University of York, UK Ph.D., on Energy Physics
Department of Biology and Chemistry Physics Department
MPhil (Chinese University of Hong Kong) University of Patras, Greece
Prof. Philippe Dubois Dr. Bingsuo Zou
Ph.D. in Sciences Ph.D. in Photochemistry and
Scientific director of NCC-L, Luxembourg Photophysics of Condensed Matter
Full professor, Department of Chemistry, Jilin University,

University of Mons UMONS, Belgium Director of Micro- and Nano- technology Center



Dr. Gayle Calverley Dr. Linda Gao

Ph.D. in Applied Physics University of Loughborough, Ph.D. in Analytical Chemistry,
UK Texas Tech University, Lubbock,
Associate Professor of Chemistry,

University of Mary Hardin-Baylor

Dr. Richard B Coffin Dr. Indranil Sen Gupta

Ph.D., in Chemical Oceanography Ph.D., Mathematics, Texas A & M University
Department of Physical and Environmental Department of Mathematics, North Dakota State
Texas A&M University, USA University, North Dakota, USA
Prof. Ulrich A. Glasmacher Dr. Alicia Esther Ares
Institute of Earth Sciences, University Heidelberg, Ph.D. in Science and Technology,
Germany, Director of the Steinbeis Transfer Center, University of General San Martin, Argentina
TERRA-Explore State University of Misiones, US
Dr. Fabiana Barbi Dr. Lev V. Eppelbaum
B.Sc., M.Sc., Ph.D., Environment, and Society, Ph.D. Institute of Geophysics,
State University of Campinas, Brazil Georgian Academy of Sciences, Thbilisi
Center for Environmental Studies and Research Assistant Professor Dept Geophys & Planetary Science,
State University of Campinas, Brazil Tel Aviv University Israel
Dr. Yiping Li Dr. A. Heidari
Ph.D. in Molecular Genetics, Ph.D., D.Sc
Shanghai Institute of Biochemistry, Faculty of Chemistry
The Academy of Sciences of China, Senior Vice Director, California South University (CSU), United States

UAB Center for Metabolic Bone Disease

Dr. Maria Gullo Dr. Qiang Wu

Ph.D., Food Science, and Technology Ph.D. University of Technology, Sydney
University of Catania Department of Machematics, Physics and Electrical
Department of Agricultural and Food Sciences Engineering
University of Modena and Reggio Emilia, Italy Northumbria University

Dr. Bingyun Li Dr. Giuseppe A Provenzano
Ph.D. Fellow, TAES Irrigation and Water Management, Soil Science, Water
Guest Researcher, NIOSH, CDC, Morgantown, WV Science Hydraulic Engineering
Institute of Nano and Biotechnologies Dept. of Agtricultural and Forest Sciences

West Virginia University, US Universita di Palermo, Italy



Dr. Sahraoui Chaieb Dr. Arshak Poghossian

Ph.D. Physics and Chemical Physics Ph.D. Solid-State Physics

M.S. Theoretical Physics Leningrad Electrotechnical Institute, Russia

B.S. Physics, Ficole Normale Supérieure, Paris Institute of Nano and Biotechnologies

Associate Professor, Bioscience Aachen University of Applied Sciences, Germany

King Abdullah University of Science and Technology

Ph.D. Julius-Maximilians University Wiirzburg, Germany Associate Professor and Range Nutritionist
Associate professor Ph.D. Edinburgh University - Animal Nutrition
Department of Condensed Matter Physics and Advanced M.S. Aberdeen University - Animal Nutrition
Technologies Babes-Bolyai University, Romania B.A. University of Dublin- Zoology.

Dr. Mauro Lenzi Dr. Fotini Labropulu
Ph.D. Mathematics - Luther College
Biological Science, University of Regina, Ph.D., M.Sc. in Mathematics
Pisa University, Italy B.A. (Honours) in Mathematics
Lagoon Ecology and Aquaculture Laboratory University of Windsor
Orbetello Pesca Lagunare Company Web: luthercollege.edu/Default.aspx

Dr. Mihaly Mezei Dr. Miguel Angel Arifio
Associate Professor Professor of Decision Sciences
Department of Structural and Chemical Biology IESE Business School
Mount Sinai School of Medical Center Barcelona, Spain (Universidad de Navarra)
Ph.D., Etvs Lornd University, New York University, Ph.D. in Mathematics, University of Barcelona, Spain

United State

Dr. Wen-Yih Sun Dr. Della Ata

Professor of Earth and Atmospheric Sciences BS in Biological Sciences
Purdue University, Director, National Center for MA in Regional Economics, Hospital Pharmacy
Typhoon and Flooding, United State Pharmacy Technician Educator
Dr. Shengbing Deng Dr. Claudio Cuevas
Departamento de Ingenierfa Matematica, Department of Mathematics
Universidad de Chile. Universidade Federal de Pernambuco
Facultad de Ciencias Fisicas y Matematicas. Recife PE
Blanco Encalada 2120, piso 4. Brazil

Casilla 170-3. Cotreo 3. - Santiago, Chile



Dr. Yap Yee Jiun Dr. Eman M. Gouda

B.Sc.(Manchester), Ph.D.(Brunel), M.Inst.P.(UK) Biochemistry Department,
Institute of Mathematical Sciences, Faculty of Veterinary Medicine,
University of Malaya, Cairo University,
Kuala Lumpur, Malaysia Giza, Egypt

Dr. Latifa Oubedda Dr. Bing-Fang Hwang
National School of Applied Sciences, Ph.D., in Environmental and Occupational Epidemiology,
University Ibn Zohr, Agadir, Morocco Professor, Department of Occupational Safety
Lotissement Elkhier N°66, Bettana Salé Maroc and Health, China Medical University, Taiwan

Dr. Hai-Linh Tran Dr. Baziotis loannis

Ph.D. in Biological Engineering Ph.D. in Petrology-Geochemistry-Mineralogy
Department of Biological Engineering Lipson, Athens, Greece

College of Engineering, Inha University, Incheon, Korea

Angelo Basile Dr. Vishnu Narayan Mishra

Professor B.Sc.(Gold Medalist), M.Sc. (Double Gold Medalist), Ph.D.
Institute of Membrane Technology (ITM) (L.IT. Roorkee)
Italian National, Research Council (CNR), Italy

Dr. Yaping Ren Dr. Xianghong Qi

School of Statistics and Mathematics University of Tennessee
Yunnan University of Finance and Economics Oak Ridge National Laboratory
Kunming 650221, China Center for Molecular Biophysics

Oak Ridge National Laboratory
Knoxville, TN 37922, United States

Dr. Gerard G. Dumancas Dr. Vladimir Burtman

Postdoctoral Research Fellow, Research Scientist
Arthritis and Clinical Immunology Research Program, The University of Utah, Geophysics, Frederick Albert
Oklahoma Medical Research Foundation Sutton Building, 115 S 1460 E Room 383
Oklahoma City, OK, United States Salt Lake City, UT 84112, US
Dr. Bondage Devanand Dhondiram Dr. Yaping Ren
Ph.D. School of Statistics and Mathematics
No. 8, Alley 2, Lane 9, Hongdao station, Yunnan University of Finance and Economics

Xizhi district, New Taipei city 221, Taiwan (ROC) Kunming 650221, China



CONTENTS OF THE ISSUE

Vi.
Vii.
Viil.

Copyright Notice
Editorial Board Members
Chief Author and Dean
Contents of the Issue

Underground Storage of Natural Gas in Hydrate State: Primary Injection
Stage. 1-10

Optimization of the use of Betterave (Beta Vulgaris) for the Production of
Green Energy. 11-24

Numerical Simulation of Non-Uniform Roughness Distribution on
Compressor Performance. 25-32

Assessment of Prescribing Practices through WHO Prescribing Indicators at
Nekemte Referral Hospital, West Ethiopia. 33-38

Evaluation of Airline Service Quality Attributes: The  Nigerian
Experience. 39-4.5

Fellows

Auxiliary Memberships

Process of Submission of Research Paper
Preferred Author Guidelines

Index



NVZ GLOBAL JOURNAL OF SCIENCE FRONTIER RESEARCH: |
INTERDISCIPLINARY

Volume 17 Issue 2 Version 1.0 Year 2017

Type: Double Blind Peer Reviewed International Research Journal
Publisher: Global Journals Inc. (USA)

Online ISSN: 2249-4626 & Print ISSN: 0975-5896

Global Journals In

codhes
S;\d‘"%

3 'F
) :

Underground Storage of Natural Gas in Hydrate State: Primary
Injection Stage

By E. A. Bondarev, I. I. Rozhin, V. V. Popov & K. K. Argunova

Abstract- The paper is devoted to simulation of the initial stage of natural gas hydrate
underground storage: gas injection into aquifer just below permafrost rocks. It is based on the
mathematical model of multiphase non-isothermal real gas and water flow in porous media. The
model takes into account the transformation of gas and water into hydrate at certain temperature
which depends on gas flow pressure. The dynamics of hydrate and water saturation as well as
the pressure and temperature fields in a reservoir with given porosity, permeability and initial
values of pressure, temperature and water saturation have been studied. An implicit finite-
difference scheme is used to approximate the original boundary-value problem. The finite-
difference equations have been solved using simple iteration and sweeping algorithms. Several
examples of calculations corresponding to real cases are given. Calculations have revealed that
the final result strongly depends on the combination of porosity and permeability of a reservoir.
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Underground Storage of Natural Gas in Hydrate
State: Primary Injection Stage

E. A. Bondarev ¢, I. . Rozhin °, V. V. Popov ® & K. K. Argunova ©

Absiract- The paper is devoted to simulation of the initial stage
of natural gas hydrate underground storage: gas injection into
aquifer just below permafrost rocks. It is based on the
mathematical model of multiphase non-isothermal real gas
and water flow in porous media. The model takes into account
the transformation of gas and water into hydrate at certain
temperature which depends on gas flow pressure. The
dynamics of hydrate and water saturation as well as the
pressure and temperature fields in a reservoir with given
porosity, permeability and initial values of pressure,
temperature and water saturation have been studied. An
implicit finite-difference scheme is used to approximate the
original boundary-value problem. The finite-difference
equations have been solved using simple iteration and
sweeping algorithms. Several examples of calculations
corresponding to real cases are given. Calculations have
revealed that the final result strongly depends on the
combination of porosity and permeability of a reservoir.
Keywords:  permafrost, underground storage, natural
gas, hydrate formation, mathematical modeling.

I [NTRODUCTION

owadays underground gas storages are built in
N the depleted gas reservoirs or aquifers situated

near gas pipelines or large centers of gas
consumption. Along with the peak-shaving storages,
they are used to meet load variations, that is, gas is
injected into storage during periods of low demand and
is withdrawn during periods of peak one, which is
especially important for the Northern regions where they
can be used as distinctive accumulators of natural gas.

One of the alternatives to common gas
storages would be those of hydrates compounds
formed when natural gas is injected into porous
reservoirs under certain thermodynamic conditions (at
specific temperature — pressure relations controlled by
the gas composition). Subpermafrost aquifers in the
areas of continuous permafrost act readily as such
reservoirs. For example, in Central Yakutia, they can
occur directly beneath the permafrost base at depths of
500-600 m [Balobaev et al., 2003], with permeability
ranging between10'2 and 10™ m2,

In [Duchkov et al., 2009] it is shown that carbon
dioxide sequestration in the subpermafrost horizons is
possible through CO, injections into reservoirs located

Author a: Institute of Oil and Gas Problems, SB RAS, 1 Oktyabrskaya
str., Yakutsk, 677980, Russia. e-mail: bondarev@ipng.ysn.ru

Author a: Ammosov North-Eastern Federal University, 58 Belinskogo
str., Yakutsk, 677000, Russia.

beneath the carbon dioxide hydrate stability zone. Major
advantages of this method consist in greater
compactness and stability of the repository, given that
gas in a solid state occupies a considerably smaller
volume versus its being in free state at equal
temperature and pressure, and that during gas transition
into the hydrate state all free reservoir water becomes
bound. The already known method of natural gas
hydrate storage consists of hydrate formation in special
aboveground tanks, analogous to liquefied gas
storages.

In the paper [Bondarev et al, 2015]
conceptual possibility of natural gas underground
storage in hydrate state was proved via
mathematical modeling of gas injection into water
saturated reservoir at  shallow  depths
corresponding to the permafrost base in the central
part of Eastern Siberia. Gas injection time was
limited to 10 days. The model takes into account
key physical features of the process: real gas
properties, Joule-Thomson effect, simultaneous
flow of water-gas mixture, and mass transfer
between gas, water and hydrate. Here the authors
extend time of gas injection up to 100 days, which
corresponds to real period of lower gas
consumption during the summer.

1. PROBLEM FORMULATION

To assess the concept of storing natural gas
occurring in hydrate state consider a standard
axisymmetric problem of gas injection into a horizontal
aquifer, with impermeable and thermally insulated top
and bottom, through a single well. Let us assume that
gas flows in the reservoir initially saturated with water.
Porous matrix is considered rigid, gas is only in the
gaseous/hydrate state, whereas water — only in the
liquid/hydrate states, that is neither ice nor vapor are
formed.

In [Bondarev et al., 2009] it was shown that, the
role of thermal conductivity is negligible versus forced
convection in overall heat transfer balance and,
therefore, the heat conductivity term in the energy
equation is set to zero. Then, in the frame of multiphase
flow mechanics [Bondarev et al., 1976; Basniyev et al.,
1986] and subject to the generalized Darcy's law, the

© 2017 Global Journals Inc. (US)
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energy equation in cylindrical coordinates takes the

following form:
or ov T 0z \op
—-m{l-v - 1+——
o Mo M- )( 7 aTj

f, op oT
-k(1- c, —L+
arf sy |2

fy RT? &z [apj 0
My Cpp oT

where  (pc), =(1-m)p,c, +mM(1—v —o)p,Cc, +Myp,cC, +
+mop,c, — is effective value of specific volume heat

capacity of porous medium saturated with gas, hydrate

and water.

The equations of gas and water filtration are to
be written down in these same coordinates:

;((1 ' )zij_

(o). — p

O

+ k(l—v)pg

k(1—v)f
_Lof kv pap) | pdv
ror e zT or ot
0o _10( k(-v)f, op -2
ot ror u, or . Ot

Here and elsewhere the following notations are
used. c—specific heat capacity; f —relative permeability;
k —absolute permeability; m-—porosity; p-pressure;
g-latent heat of “hydrate—gas+water” phase change;
R —gas constant; r—space coordinate; r,—well radius;
r,—external boundary radius; T - temperature; t-time;
z—gas compressibility function; &-gas content per
hydrate unit volume; wx—dynamic viscosity; p —density;
o —water saturation; v -—hydrate saturation. The lower
indices g, h, s, w, 0 stand for gas, hydrate, solid matrix,
water and reference state, respectively.

To find a single-valued of the (1) - (3) set, initial
and boundary conditions should be formulated.
Constant values of pressure, temperature, hydrate

saturation and water content have been chosen as initial
conditions:

p(r,0)=py, T(r,0)=T,, v(r,0) =v,, o(r,0)=0, (4)

At gas injection point the
following conditions are set:
constant temperature

(bottom  hole),

T(rbvt):Tb (5)

and bottom hole gas pressure

p(r,, 1) = py(1) ,

© 2017 Global Journals Inc. (US)

or its volume flow rate (modified to normal physical
conditions)

py KA-v)f, p(r,,t)

27 rH =-Q,
TP My or

(7)

where H - reservoir thickness; p, — gas density at
p, =101325 Pa and T, = 273.15 K.

Instead of impermeability condition at reservoir
boundary used in [Bondarev et al, 2015] here the
possibility of water flow outside storage boundary is
stated

_op(r.t) _ fu(p(r.t)=po)

or r‘k In(rout/rk)

(8

where r,,, —radial distance of hydrodynamic influence.
Equations of the problem are closed by:

1) The relations for gas
permeabilities [Charnyi, 1963]

and water relative

o 35
(o) (1_Ej (1+30), 0<0<09 o

0, 0209

o-02)**
—— , 02<0<1
f,(0) = ( 0.8 j 7=%

0, 0<o<02

(10)

2) The gas-hydrate-water thermodynamic equilibrium
condition

T=aglnp+a,,

(1)

where ¢, a, — empirical constants determined through

experimental data or calculated for gas of a given
composition, on the basis of methods described in
[Istomin and Kvon, 2004; Sloan and Koh, 2008];

3) Equation of state for real gas

Py =P/ZRT, (12)
where dependent on pressure and temperature gas
compressibility function is approximated by the
Latonov-Gurevich empirical equation [Latonov and
Gurevich, 1969]:

z=(0.17376In(T/T,)+0.73)"’* + 0.1p/p, .
Critical ~parameters of natural gas are

determined according to its composition by the Kay’s
Rule (for non-ideal gas mixtures) [Kay, 1936]:

Pc :Zyipci T :zyiTci )
i=1 i=1



where pg;, Ty, y; — are critical pressure and

temperature and molar fraction of the i-th component
of natural gas.

The method of finite differences is applied to
solve the problem (1) - (12). Here with the original
equations, boundary and initial conditions are replaced
by their mesh analogues [Bondarev et al, 2009],
whereas the proposed by [Vasiliev et al., 2000, Bondarev
and Popov, 2002] algorithm for implementation of
simple iterations method was applied for solving the
corresponding system of algebraic equations at each
time step.

II. NUMERICAL IMPLEMENTATION OF THE MODEL
AND ITS ALGORITHM

To solve the initial value problem (1)-(12),
replace Pl t)=pl. Tl t)=T7, virt)=v/ and
(r,,tJ) o} with numerical analogues in the space-time

mesh points we approximate equations (1)-(8) by purely
implicit absolutely stable difference scheme:

Ti_T1? gyt . _
(pc)e,i : ——mgp, b _m(]-_‘/ij_o'ij)><
T T
j P hi_pit _
[T oz |pie
z}\oT ). T,
«| p, Cu Fui + ‘pij Cofyi | pla—p! TL-T/ _
Hy zi]RTiJ Hy hioa his

k(l_vij)fng] p|+1 pij i
Hy z} 8T i his ,

i=Ln-1 j>0 13)
vt o) B o) 2
M=V —oi gy~ v — ol e
it
X iri+mph5R i hin o=
j
z(rk(l—v)fg i] Pla-p
Hy 2T, Mia
k(1-v)f P! 1n_1
_[r ( v)giJ PP it (1a)
/Jg i-1/2 i
i _ it v
m O i hi r +m(l—8)&&hi r=
T Pw z

:(r k(- V)fWJj PP
i+1/2 i+1

_ U .
_(rk(l V)fwj Pi pl—l’ i=1n-1 j>0; (15)
Hy i-1/2 h
pC=py, T0=T,, v =v,, c’=0, i=0n; (16)
TS =T,, 1>0; (17)
Po = P, OF
Ikll-v]))f I _pl
27rl’bH J_po - ( VO) 9.0 Pi — P Z—Q. ]>O; (18)
ZORTO pn:ug hl
where r is a constant step of time mesh

o, = {tj =], j:O,_J}; h, is a constant step of radial
mesh @, = {ri+1 =1 +h., hy=(-n)/n, i=0n-%
h="r, hO:O}; and 7, :(hi+hi+1)/2 is a step of flow

mesh.
In the finite-difference form, the right-hand side

boundary condition is written with a first order
approximation:
pi-pl_ fualpi-po) [9)
hn r-k |n(rout/rk)
To solve the set of non-linear algebraic

equations (13) - (19) one can use the following
implementation algorithm of simple iteration method at
each time step. First, using (13), we exclude the
expression (vij—vii*l)/r from (14), replacing at the
same time each and every T,) with o;Inp/ +«,. In the
resulting equation, the discrete analogue of time
temperature derivative is replaced with the finite-
difference analogue of time pressure derivative. The
follow-up algorithm involves the following operations as
to:

1. Give initial value of the iterations counter s=0 and
initial  approximations of the of pressure,
temperature, water and hydrate saturations
distributions equal to their corresponding values on
the lower time step:

S
p' = plJ * T' -

2. Increase an iterations counter by one unit and then
multiply the equation (15) by pii/(zijTi") and sum it
up with equation (14). The resulting equation is
solved by the stream sweeping method for

calculating the pressure distribution p., =0,n.

© 2017 Global Journals Inc. (US)
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3. Beginning from the left-hand side (i=0)for all

S

oi >0 the distribution of hydrate saturation vi, is
obtained from equation (13), while the temperature
distribution resulted from the three phase hydrate-

gas-water equilibrium T. allnp +a,, i=0,n. In

S
case of oi

temperature distribution -Fi .

4. Water saturation distribution oi, is derived from
equation (15). The calculations also start from the
left-hand side.

5. Steps 2 - 4 are repeated until the specified accuracy
is reached. If iteration convergence conditions are
satisfied, then proceed to the next time step.

=0 the equation (13) instantly gives the

IV. Resurts oF COMPUTATIONAL EXPERIMENT

The effects of porosity and permeability of the
aquifer and gas injection rate on the dynamics of the
fields of temperature, pressure, water and hydrate
saturation were studied in computational experiment.
Other initial parameters were the following:

p,, =1000 kg/m?, p, =2650 kg/m? p, =920 kg/m?,
¢, =4200 J/(kg-K), ¢, =700 J/(kg-K),

¢, = 3210 J/(kgK), ¢, =2093 J/(kg-K),

g =510000 J/kg, ¢ =0.147, u,=1.8-10" Pas,

#y =1.3-10° Pa's, p,=30-10° Pa, T,=274.15 K,
T,=27915 K, H=10 m, r,=0.1 m, r, =300.1 m,
r, =1000.1 m, n=3000, =100 s.

Gas  constant, critical  pressure  and
temperature, and empirical coefficients in equation (11)
were calculated according to the composition of the
injected natural gas. It corresponds to the Sredne-
Botuobinskoye field in the Republic of Sakha (Yakutia):
CH,-85.90, C,H,-7.32, C,Hg—2.24, iC,H,,—0.26,
nC,H,, -0.68, iCH,,-0.17, nCH,-024, CiH,-0.08,
CO,-0.05, N,-264, H,-0.14, He-028 (volume percents),
R=4456 J/(kg:K), p,=4555 MPa, T, =204.134 K, o, =7.82
K, a,=166.64 K. The field was chosen primarily due to

the fact that the experimental data on the equilibrium
conditions of hydrate formation are available for its gas,
and they were used to calculate empirical coefficients of
relation (11)

The computational experiment was carried out
to evaluate the role of gas injection flow rate (1 m%s and
5m?3s) and the different combinations of porosity and
permeability of a reservoir (1 — m=0.15, k=8-10" m?
2-m=015, k=8100" m* 3- m=04, k=810 m?
4 - m=04, k=8-10" m? in dynamics of hydrate and
water saturation fields as well as temperature and
pressure ones. Initially the aquifer does not contain
hydrates and its water saturation equals 0.9. The most
essential results of calculations can be seen at Fig. 1 -
11. Their analysis leads to the following conclusions.

At first, consider dynamics of gas temperature
fields because of its determinative role in hydrate
formation.

Fig. 1: Dynamics of temperature fields:a — mass flow rate equals 1 m%/s; b — mass flow rate equals 5 m*/s
(figures at the surfaces correspond to combinations of porosity and permeability)
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Fig. 2: Temperature distribution in reservoir: a — mass flow rate equals 1 m?/s; b — mass flow rate equals 5 m%/s
(1_-t=125days, 2_t =10days, 3_t = 100 days)

It is seen from Figures 1 - 3 (Fig. 2 and Fig. 3
correspond to lower permeability) that over a relatively
short time interval (several hours) temperature goes up
significantly: at high flow rate — about 20 degrees, and
about 15 degrees — at low flow rate (cf. curves 1 in Fig.
3a and Fig. 3b). After 10 days of gas injection,
temperature front reaches 110 m and 160 m distances
and in 70 and 35 days — reservoir boundary, for low and
high injection rate, correspondingly (curves 2 in Fig. 2a,
2b and curves 3 in Fig. 3a, 3b). At the end of gas
injection for high flow rate the temperature is almost
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leveled throughout the reservoir (curve 3 in Fig. 2b).
Figure 1 illustrates all these features and demonstrates
an influence of permeability on velocity of temperature
front and on temperature dynamics and distribution (cf.
surfaces 1 and 2 which correspond to permeability
k=8-10" m? and k=8-10" m? correspondingly, with
porosity being equal to 0.15).

Permeability value is crucial for pressure
dynamics and distribution in the storage (cf. surfaces 1
and 2 in Fig. 4).
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Fig. 3: Temperature dynamics: a — mass flow rate equals 1 m%/s; b - mass flow rate equals 5 m?/s
(1-r=31m,2-r=30.1m,3-r=300.1 m)
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Fig. 4: Dynamics of gas pressure: a — mass flow rate equals 1 m /s; b — mass flow rate equals 5 m /s
(figures at the surfaces correspond to combinations of porosity and permeability)

Near gas well it is growing with the same speed  Pressure growth at high flow rate is twice as miuch as at
as temperature but at low flow rate it almost reaches its  low one (cf. Fig. 4a and Fig. 4b as well as Fig. 5a and
limit of 6 MPa (curve 3 in Fig. 6), while for high flow rate  Fig. 5b). For some geological conditions, such high
it is growing progressively (curves 1 and 2 in Fig. 6).  pressure may lead rock fractures.
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Fig. 5: Pressure distribution in reservoir:a — mass flow rate equals 1 m%s; b — mass flow rate equals 5 m%s
(1-t=1.25days, 2-t=10days, 3—t = 100 days)

© 2017 Global Journals Inc. (US)



13
11 ﬂ/"'{/
1
’-’
9 vt
5 1e*T
2 .
II
7 ’1'
1’ 3
,f
5 s
t" p-q--“"-‘-
3 i T
0 20 40 60 80 100
t,days
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(solid lines —r = 0.1 m, dashed lines —r = 300.1 m)

Now consider the influence of dynamics of corresponds to higher temperature and pressure values
pressure and temperature fields on water displacement  as can be seen from Fig. 1 and Fig. 4, which may lead
and hydrate formation in the storage. Here we limit the  to a priory unpredictable dynamics of hydrate formation.
analyses to the case of low permeability because it
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Fig. 7. Water saturation distribution in reservoir.a — mass flow rate equals 1 m%s; b — mass flow rate equals 5 m%s
(1-t=1.25days, 2 -t = 10days, 3-t = 100 days)
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Fig. 8: Water saturation dynamics: a — mass flow rate equals 1 m%/s; b — mass flow rate equals 5 m%/s
(1=-r=124m,2-r=150.1m,3-r= 300.1 m)

Comparison of curves 1 and 2 in Fig. 2 and in
Fig. 7 shows that velocity of water saturation front is
significantly lower than that of the temperature front. At
Fig. 7 and Fig. 8 it is clearly seen that water saturation
distribution is in qualitative agreement with the solution
of Buckley-Leverett problem [Charnyi, 1963]. The effect
of hydrate formation, i.e. transition of water into the
immobile phase, is manifested in non-monotonic water
distribution behind the front and in the fact that water

- 0.2
- 0.14
= 10.12

— 0.03

a1 .04

n X

t,days

saturation before the front is always lower than 1 (curves
2 in Fig. 8). Naturally, velocity of front propagation is
strongly dependent on rate of gas injection. However, in
accordance with the theory of two-phase flow in porous
media [Charnyi, 1963] gas injection cannot displaces all
reservoir water (see curve 3 in Fig. 7b).

Calculations of hydrate formation show the
complicated influence of such competitive factors as
reservoir conditions and technology of gas injection.

' 20
300.1 ¢ i

Fig. 9: Dynamics of hydrate saturation: a — mass flow rate equals 1 m*/s; b — mass flow rate equals 5 m*/s
(figures at the surfaces correspond to combinations of porosity and permeability)
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Fig. 11 Hydrate saturation dynamics: a—mass flow rate equals 1 m3/s; b - mass flow rate equals 5 m%/s
(1-r=124m,2-r=150.1m, 3-r = 300.1 m)

First of all, it is seen that higher rate of injection
is more favorable for hydrate formation in a reservoir
with lower permeability (cf. surfaces 2 in Fig 9a and in
Fig. 9b). It is clear from the fact that high pressure is
favorable for hydrate formation. The statement is also
supported by comparison of curves 3 in Fig. 10a and
Fig. 10b. Promising is the growth of hydrate saturation at
the reservoir boundary with time (curve 3 in Fig. 116).

V.

The results of computational experiment show
that underground gas hydrate storage development in
the subpermafrost aquifers requires a careful analysis of
the reservoir geological characteristics and well test
data. Specifically, reservoirs with porosity less than 0.2

CONCLUSION

should be preferred because it ensures a uniform filling
of the storage by hydrate. Permeability higher than 10°
“'m? is advantageous to prevent development of
excessive pressure at high rate of gas injection, which
may result in loss of sealing properties of the reservoir
top and bottom.

Additional research is needed to estimate
thermal interaction of gas storages with the surrounding
rocks and hydrate formation after an injection period.

The results of numerical experiment and
proposed mathematical model can be used in the
development of scientific bases substantiation of and a
basis for technologies of underground hydrate storage
of natural gas, as well as toxic gases.
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Optimization of the use of Betterave
(Beta Vulgaris) tor the Production of
Green Energy

Yannibock Hulda *, Aboubakar °, Njintang Y. N * & Mbofung CMF ©

Abstract- This work aimed to conduct optimization method of
ethanol production from using beet. To attain this objective, we
propose to produce the distillation energy through biogas, and
fertilizer for the culture of beet. We carried out some tests by
using samples of red beets. These samples were subjected to
fermentation, distillation  with  Vigreux column and
methanization. The red beet was, a grinder, juice extractor,
fermenters, fresh yeast, water, distillation device with a Vigreux
column, two batch digesters, a balance and graduated
containers. During the tests 376 mL of ethanol, 31 L of biogas
and fertilizer evaluated at 1 KWh were obtained. The energy
efficiency of production with this method stood at 58, 54 %.
This discovery could be a solution to energy problems of many
regions, an alternative to fossil energy while being a source of
fertilizer. The proposed system does not reject waste: the
carbon cycle and even that of nitrogen is closed. It is less
costly and easy to put in place. He is environment friendly and
has a good energetic performance.

Keywords: beet, fermentation, distillation, biogas,
ethanol, fertilizer.

[. INTRODUCTION
[~ or centuries economic development and

=== technological advances have always been based

on energy. Jean-Marie Boudaire, in his 2011 book
on energy, talks about energy as being at the center of
the three major issues that will shape the first decades
of the next century. It is therefore crucial for a region or
country concerned about its development to give capital
importance to energy. However, the abusive or clumsy
use of the latter leads to harmful consequences that can
destroy human life in the long term (climate change, air
pollution, diseases ...) (Cned, 2009). It is therefore
necessary to produce energy, but it is equally important
to think about how to produce it and how to use it. It is in
this context that the development of renewable energies
takes place. Renewable energy can be defined as a
source of energy that is renewed rapidly enough to be
considered inexhaustible on a human scale; Renewable
energies come from regular or constant natural
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phenomena caused by the stars, mainly the sun, but
also the moon and the earth (Marwan, 2009, Claudine,
C., 2014). They can be classified into six main types:
biomass, solar, wind, hydro, geothermal, tidal energy
(Universalis, 2014). In this range of forms of renewable
energies, we will focus on energy from biomass and in
particular on biofuels. However, even at this level it is
necessary to pay attention to the source, it is not
necessary that the raw materials used for the production
of energy compete with the food of the populations. This
is why biofuels are first, second and third generation
(Bates, L. 2007, Nadia et al, 2010). The second and third
generation do not pose many problems because they
do not compete with foodstuffs. On the other hand, the
first generation, it is very often in competition with the
food. To solve this problem, dedicated crops are
recommended.

Our interest will be focused on sugar beet as
raw material for the manufacture of ethanol. This last
one is in the first generation but its strong production
gives it an interesting potential to make dedicated
crops. lts use for the production of sugar is very
widespread in the countries of Europe. This sugar is
also used to produce ethanol. However, we note that
this process is very energy-intensive, especially for
distillation; Which makes the technology unprofitable.
The main target was the optimization of the process of
ethanol production from beet. Before going inside this
topic, some questions could be asked: How can the
yield of the ethanol production process from sugar beet
be improved? Can another beet variant be used? What
is its impact on the environment?

This problem is of capital interest because the
resolution of this problem will be an added value not
only for the industrial sector (fuel alcohol production) but
also for the agricultural and environmental fields
(fight against the greenhouse effect) . A lot of work has
been done around this theme; (Mohamed Mehdi
KACIMI, 2008; RIESS julien, 2012; BADERTSCHER
Ernest, 2005).

The general objective of this work is to propose
a low-energy and environmentally friendly method for
the production of ethanol from beetroot. To achieve this
objective, we will carry out tests on beets, set up a
miniature system and make energy balances.
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[I. MATERIAL AND METHODS

The choice of the raw material (red beet) was
made randomly. Indeed, these different samples were
taken from the farmers of the town of Annemasse-
France. The red beets were washed by hand to remove
any soil residue and then chopped into smaller pieces.
A juicer was used to extract the juice from the chopped
red beets.

a) Fermentation

i. Microorganisms
Dried yeasts Saccharomyces cerevisiae, strain
DF 639, were used for fermentation to ethanol. The
yeasts (produced by SIHA, Germany) are enriched with
nutrients and their biggest advantage is they do not
need be propagated before application

i. Pretreatment

a. Beet Slicing

Sugar beets are bulb-shaped red root
vegetables weighing approximately two kilograms each.
In order to remove sucrose from them, the beets first
must be sliced into much smaller pieces (cossettes),
and are shaped approximately like shoe-string French
fries. A slicer was used to model this step in SuperPro
Designer (Asadi, 2007).

b. Sucrose Extraction

Once the beets are sliced the next step in
transforming them into ethanol is extracting the
sucrose. In this step, cossettes are washed with a water
stream in a counter-current arrangement to extract the
sugar. Unlike processes that transform corn into
ethanol, sugar beets do not require an enzymatic
treatment to produce simpler sugars from starches. This
makes the process considerably simpler. The extraction
process was conducted using the method of Bogliolo et
al. 1996.

c. Filtration

Impurities in the sucrose are removed by
treating the raw juice with lime. In the filtration process
calcium hydroxide is added to the beats. Then carbon
dioxide is bubbled through the mixture and calcium
carbonate is formed. This carbonation and clarification
process were repeated twice. To simulate the formation
of calcium carbonate, a continuous stirred tank reactor
was used in order to model the conversion of calcium
hydroxide to calcium carbonate (Asadi, 2007).

d. Fermentation Process
We propose to ferment the beet directly without
passing through the sugar extraction. To extend the
analysis we will proceed in two ways: a fermentation
with pulp and a fermentation without pulp.

© 2017 Global Journals Inc. (US)

b) Fermentation with Pulp
To perform the fermentation, four mixtures were fixed:

= Jsttest: 2.5 kg of red beet + 1 piece of sucrose of 5
g + 10 g of yeast + 30 ml of water.
This first test contains practically no water
added. The fermentation will only be carried out with the
water contained in the beet.

= 2nd test: 5 kg of red beets + 3 pieces of sucrose of
5g + 25 g of yeast + 2 L of water.
This test complies with the rule 250 g of sugar
per 1 L of water.

= 3rd test: 5 kg of red beets + 3 pieces of sucrose of
59 + 25gofyeast + 1L of water.

Here, half the recommended water has been added.

= 4th test: 5 kg of red beets + 3 pieces of sucrose of
59 + 25 gofyeast + 0,5 L of water.
Finally, in this last test, one quarter of the
reference water quantity. was set

c) Fermentation without Pulp

For fermentation without the beet pulp, three
tests were carried out in which less water has been
chosen to be added because there are fewer molecules
to hydrolyse. These tests were carried out in the
following manner:

= st test (5th test): 2.5 kg of red beet + 2 pieces of
sucrose of 5 g + 14 g of yeast + 0.5 L of water.
This test was carried out with half reference water.

= 2ndtest (6th test): 2.5 Kg of red beets + 2 pieces of
sucrose of 5 g + 14 g of yeast + 0,25 L of water.

Here one quarter of the recommended amount
of water has been added.

= 3rd fest (7th test): 2.5 kg of red beets + 2 pieces of
sucrose of 5 g + 14 g of yeast.

The latter test contains practically no water
added. The fermentation will only be carried out with the
water contained in the beet.

S. cerevisiae strain (ITD00196) was used to
conduct batch fermentation process at 35°C with a pH
of 5.5. The pH 5.5 was chosen because It has been
demonstrate that S. cerevisiae shows an intracellular pH
near 5.5 (Imai and Oho (1995). The number of living
cells at packing was >2.0 x 10'° per g.

Fermentation worts were prepared by diluting
thick juice with distilled water, initially at a ratio of 1:1
w/w, and then obtaining solutions with an extract content
of either 250 or 280 g/kg. The worts were acidified with
25% (w/w) sulfuric acid to pH 5.5 and supplemented
with (NH,),HPO, (0.3 g/L) only or with (NH,),HPO,
(0.3 g/L) and MgSQO,-7 H,O (0.1 g/L) as nutrients
for yeast.

d) Distillation
When fermentation was complete, all ethanol
was distilled from worts using a laboratory distillation



unit consisting of a distillation flask, a Liebig cooler, a
flask for collecting ethanol, and a thermometer. Raw
spirits containing 20 to 23% (v/v) ethanol were refined to
approximately 43% (v/v) in distillation apparatus
equipped with a bi-rectifier unit (dephlegmator
according to Golodetz), and subjected to chemical
analysis .

e) Analytical Methods

Thick juice was analyzed by the methods
recommended for the sugar industry (AOAC, 1995)
Solid substance (total extract) was measured by using a
hydrometer, which indicates the concentration of
dissolved solids, mostly sugars, calibrated in g of
saccharose per kg of water solution. Total nitrogen was
determined by the Kjeldahl method. Volatile acids
(expressed as acetic acid) were assayed using steam
distillation. Reducing sugars and total sugars (after
inversion with hydrochloric acid) were estimated by the
Lane-Eynon method. Both were expressed in g of invert
sugar per kg of thick juice. Saccharose concentration
was calculated as the difference between total sugars
and reducing sugars (taking into consideration a
conversion coefficient of 0.95). Also pH was measured
(with a digital pH-meter).

f)  Fermentation Evaluation

The intake of total sugars (the percentage yield
of sugar consumption during fermentation) was
calculated as a ratio of sugars used during the
fermentation to their content in the wort prior to this
process, and expressed in percent. The yield of ethanol
was calculated according to the stoichiometric Gay-
Lussac equation in relation to total sugars and
expressed as a percentage of the theoretical yield.

g) Methanisation
Methanisation can be carried out on any
organic matter. In the case of our work, we chose the

beet pulp (fermented beforehand or fresh) as substrate.
The pulps will be introduced directly into the digester
without further pretreatment for those which have
previously been fermented; we add just the remains of
the centrifugation. Fresh pulps will undergo in addition
to the mechanical treatment (grinding) they have had,
dilution. methanisation in mesophilic zone, was chosen
exactly around 40 ° C. The given tRH is about 15 days
(Boileau, A. S., 2013).. The particularity of our system is
to have as inner gas reservoir tubes. It will therefore be
necessary to choose a digester capable of containing
the entire substrate. two digesters were chosen, one for
the fresh pulp and one for the fermented pulp. This will
allow us to make comparisons and optimize our study. It
should be mentioned here that the gas was not purified
as it is used for combustion. It will be led directly into
pipes and burnt with the burner provided for this
purpose.

h)  Statistical Analysis

All samples were prepared and analyzed in
triplicate. Statistical analysis was carried out using the
Micromal Origin ver. 6.0 software (Northampton, USA).

I1I. RESULTS AND DISCUSSION

a) Production of Ethanol
= Tsttest: 2.5 kg of red beets + 1 piece of sucrose of
5g + 10 g of yeast + 30 ml of water.

For this test, after fermentation and
centrifugation 1.02 liters of fermented juice and 802 g of
fermented pulps was obtained. After the first distillation,
87 mL of a non-flammable liquid, was collected, which
indicated the sufficient or effective presence of ethanol
in the mixture. Therefore a second distillation was
carried out in order to improve the purity of the mixture.
After the second distillation, a mixture of 13 mL was
obtained with a density of 923 kg / m®; The shape of the
curves of the two distillations is given in Figure. 1 and 2.

Test 1 (First distillation)

100
—~ 80
&
S 60
I
g 40
£
()]
=20

0

0 5 10 15 20 25 30 35
Time (min)

Figure 1. Variation of temperature with time in the first distillation in test 1
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Test 1 (Second distillation)
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Figure 2: Variation of temperature with time in the second distillation in test 1

Figure 1 shows that during the first 10 minutes,
a slow increase in temperature was notted. From the
10th to the 15th minute, there is a rapid increase in
temperature which characterizes the phase change of at
least one component of the mixture. From minute 15 to
minute 25, the temperature continues to grow and
stabilizes from the 30th minute. The distillation is then
stopped. The shape of this curve is similar to that of
Williamson K. L. et al (2007). It is characterized by good
separation. However, the stabilization temperature is too
high (95° C). This could be explained by the presence of
a large proportion of water in the mixture and
consequently the absence of inflammation.

In Figure. 2, the temperature is stable within the
first 4 minutes. It rises slightly between the 4th and the
5th minute. From the 5th to the 7th minute, there is a
rapid rise and stabilizes after the 5th minute. The
distillation is stopped by cutting off the heat source. The
stabilization temperature is always too high (96° C).
Following the second distillation, the results are similar
to those of the first: good separation but no ignition: This
first test is therefore inconclusive.

© 2017 Global Journals Inc. (US)
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Figure 3: Variation of temperature with time in the first distillation in test 2
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Figure 4: Variation of temperature with time in the second distillation in test 2
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It can be seen on the shape of the curve shown
in FIG. 3 that the temperature is stable for the first 10
minutes. It then rises slightly from the tenth to the thirty-
fifth minute. Then from the thirty-fifth minute to the fiftieth
minute, there is a rapid elevation which characterizes the
phase change. Finally, the temperature stabilizes again
and the distillation is stopped. It is demonstrated, based
on the works of Boots K. et al. (2011), that the
separation was good during the distillation. However,
despite the good separation, It was observed a
stabilization of high temperature (95 ° C), so the mixture
does not ignite.

In Figure 4, it was observed that the
temperature were stable during the first 4 minutes. It had
then risen rapidly in one minute, then more slowly in 2
minutes. Finally, it had stabilized after the seventh

minute and the distillation is stopped. Then, according
to Boots K. et al. (2011), the second distillation of this
test has a good separation: In addition, the point of
stabilization acceptable (91 ° C), the collected liquid is
flammable and odorous. 67 mL. After measuring the
density, 776.11 kg / m 3 was found. Using alcohol
tables, this mixture is an alcohol at 98.7 °. This test is
therefore conclusive.

= 3rd test: 5 Kg of red beets + 3 pieces of sucrose of
59 + 25 g of yeast + 1 L of water. Following
fermentation and centrifugation, we obtained 2.85
liters of fermented juice and 1.44 kg of pulp. The
shape of the distillation curves is given in Figure 5
and 6.
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Figure 5: Variation of temperature with time in the first distillation in test 3
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Figure 6. Variation of temperature with time in the second distillation in test 3

Figure 5 shows that for the first 30 minutes the
temperature is almost stable (it only rises by 3 ° C.), then
there is a sudden rise in 5 minutes and then
stabilization. The distillation is stoppe the conclusion
was, that according to Boots K. et al. (2011), separation
approaches perfection. However, the stabilization
temperature is still too high (96 ° C) and there is no
ignition.

(US)

The second distillation curve of test 3 is
recorded in FIG. 6. The following observations are
made: the first 5 minutes, the temperature does not
vary. The next minute there is an abrupt rise of 40 ° C,
the two minutes after the continuous rise but it is 15 ° C,
and finally the temperature stabilizes again from the
ninth minute. The distillation is stopped. The separation
is good, the temperature of stabilization acceptable (91°C),



the smell test is positive and in addition there is
inflammation. In addition, a total volume of 73 mL and a
density of 795.21 kg / m*® was found. According to the
alcoholic tables, there is an alcohol of 94,5 °; this test is
therefore conclusive. Similar result was obtained by
Legrand, G. (2005).
= The 4th test was conducted as follow: 5 Kg of red
beets + 3 pieces of sucrose of 5 g + 25 g of yeast

+ 05 L of water. After fermentation and
centrifugation, 1.31 kg of fermented pulp and 2.7

liters of fermented juice was obtained. Then the
distillation of the juice was realized. The shape of
the distillation curves is shown in Figure 7 and 8.

Test 4 (First distillation)
100
90 I‘
80 I
—~ 70
e /
@ 60 I
‘g 50 I
[}
g 40
()
=30 7—/’
20
10
0
0 5 10 15 25 30 35 40 45
Time (min)
Figure 7: Variation of temperature with time in the first distillation in test 4
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Figure 8: Variation of temperature with time in the second distillation in test 4

The first 15 minutes is a stable temperature,
rising slightly from the 15th to the 20th minute, then
more rapidly from the 20th to the 25th minute and
stabilizing after 25 minutes. The distillation is stopped
after 45 minutes. Figure 7, similar to that of Boots K. et
al. (2011), allows us to conclude that there is a very
good separation. But the stabilization temperature was
too high (96°C) and there was no inflammation; a
second distillation is then carried out.

From the course of the curve observed in Figure
8, it can be seen that during the first 3 minutes the
temperature is stable. It then rises quickly from the 3rd
to the 6" minute. Finally, it stabilizes after the
6th minute. The distillation is stopped in the 8th minute.
On the basis of the results of Boots K. et al. (2011).

It can be indicate that the separation is very
good. In addition, the stabilization temperature is
acceptable (91°C). The flame and smell tests were
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positive. So we move on to the measures. There are 82

mL and 810 Kg/m?®. By consulting the alcohol tables, the

conclusion is that, there is an alcohol at 90.2°. This test

is therefore conclusive.

= for 5th test: 2.5 kg of red beet + 2 pieces of
sucrose of 5 g + 14 g of yeast + 0.5 L of water.

Following fermentation and centrifugation, 1.6 liters
of fermented juice was obtained. The shape of the
distillation curves is shown Figure 9 and 10.
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Figure 9: Variation of temperature with time in the first distillation in test 5

For this first distillation of test 5, we observe a
stable temperature during the first 15 minutes. There is
then a rapid rise between minute 15 and minute 20.
Then the temperature stabilizes gradually and the
distillation is stopped at the 30th minute. According to

BORDA (1980) and Boots K. et al. (2011), we are in the
presence of a very good separation. However, the
absence of ignition and the too high stabilization
temperature (96°C.) lead to a second distillation.
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Figure 10: Variation of temperature with time in the second distillation in test 5

In Figure 10, we observe a stable temperature
during the first 3 minutes. Then, from the 3rd to the 6th
minute, we have a progressive evolution. Finally the
temperature stabilizes after the 7th minute and the
reaction is stopped in the 9th minute. At the end of this

© 2017 Global Journals Inc. (US)

second distillation, there is a product which has an odor
of alcohol and which ignites. After measurement, a
volume of 40 mL and a density of 800.00 kg / m® are
found. By consulting the alcohol tables, the conclusion
was that we are in the presence of an alcohol at 96.7°.



This test is therefore conclusive.

= The 6th test was conducted as follow: 2.5 kg of red
beets + 2 pieces of sucrose of 5 g + 14 g of yeast
+ 025 L of water. After fermentation and
centrifugation, 1.48 liters of fermented juice are
obtained. We have carried out two distillations of
which the appearance of the curves is the subject of
figures 11 and 12.

In Figure 11, it has been observed that the
temperature was practically stable during the first 15
minutes. Then there was a rapid rise from the 15th to the
20th minute and then to stabilize. The distillation lasted
for 25 minutes.
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Figure 11: Variation of temperature with time in the first distillation in test 6
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Figure 12: Variation of temperature with time in the second distillation in test 6

The conclusion can be taken according from
the work of Grandbois, D. (2004). and Boots K. et al.
(2011), that there has been a good separation.
However, the mixture has retained the smell of beetroot
and is non-flammable. In addition, the stabilization
temperature is too high (96°C.).

In Figure 12, a stable temperature was
observed for the first 3 minutes. Then there was a rapid
rise from the third to the fourth minute. This was followed
by a slower rise from the fourth to the fifth minute.
Finally, the temperature stabilized again after the fifth
minute. The distillation lasted 7 minutes. The result of
this distillation gave a mixture having the smell of

alcohol and flammable. After measurement, 47 mL of
volume and 900.10 kg / m? of density were found. The
alcoholic tables led to the conclusion that it is an alcohol
at 61.9°. This trial was conclusive.

= Inthe 7th test, the ingredients were as follows: 5 kg
of red beet + 3 pieces of sucrose of 5 g + 25 g of
yeast + 1 L of water. After fermentation and
centrifugation, 0.91 liters of fermented juice is
obtained. The distillation curves are shown in Figure
13 and 14.
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Figure 13: Variation of temperature with time in the first distillation in test 7
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Figure 14: Variation of temperature with time in the second distillation in test 7

In FIG. 13, a stable temperature was noted
during the first 10 minutes. From the tenth to the
fifteenth minute, there was a rapid rise followed by a
stabilization. The distillation was carried out for 20
minutes. The mixture which was obtained was not
odorous and did not ignite. the stabilization temperature
was too high (97°C). A new distillation of the mixture was
carried out again.

The Figure 14 had shown a stable temperature
during the first minute. The next minute was a rapid rise
and the last two minutes the temperature stabilization
was noted. The separation curve was good and the
mixture was odorous and flammable. A volume of 54 mL
and a density of 969.3 Kg/m*® were obtained. The
correspondence of the tables made it possible to note
the presence of an alcohol at 22°. This test is
conclusive.

© 2017 Global Journals Inc. (US)

It should be mentioned here that the densities
measured on the mixtures were made at 40°C for the
first four tests (fermentations with pulp) and 25° for the
last three (fermentation without pulps). During the flame
test, all the flames were blue. Table 1 summarizes the
results obtained for the production of alcohol.



Table 1. Results of alcohol production

Number of | Volume of alcohol Degree of alcohol =
ammable? Remarks
test produced (mL) produced

1 13 Not exploitable No Test non conclusive.

2 67 98.7° Yes Test with pulp, good separation.

3 73 94.5° Yes Test with pulp, good separation.

4 8o 90.2° Yes Test with pulp, good separation, some
losses in the junction

5 40 96.7° Yes Test without pulp, good separation.

6 47 61.9° Yes Test without pulp, good separation,
some losses in the junctions.

7 54 200 Yes Test without pulp, good separation,
some losses in the junctions

b) Production of Biogas

In the perspective of producing biogas, two
digesters have been set up: the first (Figure 15) for pre-
fermented pulps and the second (Figure 16) for fresh
pulp. The production was observed for 18 days. At the
end of this period, a production of 19 liras of biogas for
the digester 1 and a production of 12 liters of biogas for
the digester 2 were recorded. This result is different to

Sonde detempérature

the result obtained by Fry, L. J. (1975),

GTZ, (1989),

Corrot, G. (1989) and Funda C. E. (2011). Those authors
produced biogas in 25 days. The different observed in
our experiment related to the production of biogas
would be to the high biological degradability of the beet
in general, and particularly in the digester 2.

> Corpsde chauffe électrique

Figure 15: Digester 1
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© 2017 Global Journals Inc

(s

Year 2017

N
=

Global Journal of Science Frontier Research (1) Volume XVII Issue II Version I



Global Journal of Science Frontier Research (1) Volume XVII Issue II Version I E Year 2017

© 2017 Global Journals Inc

Chambre 3 air

Thermometre

Melangeur

Résistanceschauffantes

Figure 16: Digester 2

c) Energy Balance Sheet

i. Energy Expenditure
Energy expenditure is grouped in two: energy
costs related to the production of alcohol and those
related to the production of biogas.

ii. Production of Alcohol
Table 2 summarizes the different energy
expenditures we have identified in our trials of ethanol
production from red beet.

Table 2: Energy consumption related to ethanol

production
Energy consumption Energy consumed
element
Distillation (250 W; 1h) 6000Wh
Blender (450 W; 1h) 250 Wh
Extractor (250 W; 0.5h) 225 Wh
Balance (0.75 W; 1h) 0.75 Wh
Centrifuge (814 W; 1h) 814 Wh
Oump (48 W; 1.8h) 86.4 Wh
Total for Ethanol production 7.37 KWh
Production of biogas
Energy consumption Energy consumed
element
Heaters 129.75 Wh
Heating resistors 171.29 Wh

The production of ethanol gave an energy
expenditure of 7.37 KWh, while that of biogas gave
171.29 Wh. This gives a total expenditure of 7, 54 KWh.
Similar result was found by Guy Roulier. (2015)

d) Energy Gains

Energy gains are recorded in four areas: alcohol
production, biogas production, water heating and
fertilizer fertilizer production.

i. Production of Alcohol
Table 4 gives the energy values of the alcohol of
the various tests. It is to be recalled that the first 4 tests
were carried out with the pulp and the last 3 without. In
test 2, 2 L of water were put , intest 3, 1L, in tests 5 and
6,0.5Landinthetest7,0,25L.

Table 4: Energy produced by alcohol

Test 1 Test 2 Test 3 Test 4 Test 5 Test 6 Test 7 Total alcohol
-------- 0.42KWh 0.45KWh 0.49KWh 0.25KWh 0.21KWh 0.10KWh 1.92 KWh
It has been noted here that for pulp ii. Production of Biogas

fermentation, the amount of energy produced decreases
with the addition of water. On the other hand for the
fermentation without pulp it is the opposite. This result
was different to the result obtained by Gunnerson, C. G.
and Stuckey, D. C. (1986) those authors found the
increase of the production with the addition of water.

(Us)

Table 5 represents the energy production of
biogas.
Table 5: Energy produced by biogas

Vinasse
14.38 KWh

Digester 1
0.12 KWh

Digester 2
0.07 KWh

Total biogas
14.57 KWh




The energy produced by Vinasses (14.38 KWh)
are higher than those obtained from digesters. This
result was closed to the result obtained by Henning, R.
and Andres, C. (1986.)

ii. Heating Water

The temperature rise of the water used to
condense the alcohol during each test was on average
15 ° C. and 5 liters of water were used for each test. A a
total energy production of 0.7 KWh was obtained.

iv. Production of fertilizer
The potential of digestate in terms of fertilizer is
estimated at 0.36 KWh for nitrogen, 0.04 KWh for
phosphorus and 0.6 KWh for potash. That makes a total
of 1 KWh.

The total energy gain is 18.19 KWh

The yield is 58.54%, which is almost double the
conventional yield.

Ethanolic fermentation is an exothermic
process. The heat released is 1.2 MJ / kg of ethanol
produced. The evacuation of the calories produced,
which is not problematic with the current small operating
procedures, could certainly become so by doubling or
tripling the productivities, as could also become the
entrainment of ethanol in the effluents, with a
concomitant increase the production and superficial
velocities of CO, release. The process we propose is
more ecological because it emits no waste and uses
less energy. All energies are recovering and exploiting.
Similar result was obtained by DE WULF AGRO (2015)

The methanisation of the pulps makes it
possible to supply the distillation energy and to heat the
digester. The anaerobic digestion of the vinasses
contributes to the distillation without fossil energy input
and makes it possible to obtain a non-acidic, odorless
and mineral-rich liquid residue, directly applicable to the
fields, which is not the case for an acidic vinasse . The
return to crops of liquid residues avoids the purchase of
fertilizers; the nitrogen cycle is closed. The impact on
the environment is remarkable; no polluted water, no
fossil energy, remarkable CO, balance. For the agro-
food industries and for energy production, this initiative
can be a lifeline.
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Numerical Simulation of Non-Uniform
Roughness Distribution on Compressor
Performance

Sun-Haiou , Wang-Meng °, Wang-Zhongyi ® & Ma-Jingyuan ©

Abstract- This paper investigated the roughness of NASA
Stage 35 test compressor. Surface roughness can change the
geometric line in the microcosm, which causes the
compressor operation to deviate from the design point under
working conditions. Wall function was used in this study to
describe roughness. Roughness calculation model in non-
uniform distribution was established along the chord and
spanwise directions. Basing on certain rules, rotor blades were
attached with roughness to determine the influence of blade
roughness position distribution on the overall performance of
the compressor and internal flow. Results show that when
roughness was distributed from the blade leading edge to
40% of the chord, the compressor performance was greatly
influenced; in severe performance, compressor efficiency
decreased by more than 2%. Roughness position distribution
in blade height direction exhibited a minimal effect on the
entire compressor performance, which can be ignored.

Keywords: compressor, surface roughness, flow field,

numerical simulation.
[. INTRODUCTION

he surface roughness of compressor blade
Tincreases gradually during operation because of

corrosion, fouling, abrasion, and other factors. An
inlet guild van from a compressor which served for 37
months was observed by David Linden; he showed that
the aperture could even reach 3.2mm, depth can be
0.8mm caused by pitting. Moreover, Lu Mingliang did
some experiments under laboratory condition, after
seven days, 14 days and 21 days, the blade surface
roughness correspond increased to 6.3um, 31.7um, and
86.7um from original 2um. Both these researches have
shown that surface roughness is nonnegligible in a
compressor. Position distribution of blade surface
roughness exhibits significant difference that depends
on the operating environment. Increase in blade
roughness causes compressor blades to deviate from
the design point under working conditions. This
phenomenon results in the decrease of performance of
the entire compressor. Numerous studies have been
conducted to determine the influence of different blade
surface roughness on gas turbine properties. Bonus et
al. measured a large number of gas turbine blades and
obtained practical measurement data of blade

Author a o p CJ: Harbin Engineering University.
e-mail: b205030024@126.com

corrosion. Their results were statistically analyzed to
study heat transfer characteristics of rough blade
surfaces. Pailhas studied how different Reynolds
numbers affect the development of turbulent boundary
layer of the roughened surface. Fouflias et al. performed
a test method to study the effect of operating
characteristics of gas turbine compressor blades when
roughness increases uniformly. Basing on the study of
Foulias, Back et al. discussed the effects of different
roughness distributions and different Reynolds numbers
on compressor blade performance. Chen et al. studied
corrosion properties on compressor rotor blades using
the computational fluid dynamics (CFD) method. All
these studies focus on the overall performance
influenced by blade roughness, and no studies were
conducted to determine the effect of different roughness
distributions on compressor performance. Therefore,
this paper established a blade model with non-uniform
roughness distribution in tangential and spanwise
directions. A wall function method that can describe
roughness was also performed to investigate the effect
of non-uniform roughness on compressor performance.

[I. PRINCIPLE OF NUMERICAL SIMULATION

In this paper, the wall function used in CFX, a
commercial software computational tool, to describe
surface roughness is the extension method proposed by
Launder. In the logarithmic law region, the tangential
velocity and wall shear stress near the wall have a
logarithmic relationship. We used an empirical formula
to connect the near wall boundary conductions of the
average flow and the turbulent transport equation. The
logarithmic relation of the near wall velocity is

u* zﬁziln(y*ﬂc
u K

T

(1)

In the formula,

+ pAyu‘r
= 2
y 1 @)
T,
u = |- (3)
Y2,
Wall  surface roughness can significantly

increase near-wall turbulence generation items, which
leads to increased wall shear stress and heat transfer
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coefficient. To show better agreement between the
surface roughness and experimental data, the following
relationship was used to consider the effect of
roughness.

u :lln(y+)+ B-AB (4)
K

In the formula, B equals to 5.2; offset AB is the
function of dimensionless roughness h* (h* =hu,_/v).

For roughness, the offset AB can be
expressed as follows:
1
AB==In(1+0.3n)) (5)
K

In the formula, hy is the average of roughness
parameters and h," is the non-dimensional parameter of
hs. In general, equivalent sand roughness k; is used to
measure the roughness. The relationship between ki
and h, is molded by Sigal and Danberg and is widely
used in roughness research. Also, an empirical equation
proposed by Koch and Smith show that k, are about 6.2
times h.

[1I. MODEL WITH NON-UNIFORM ROUGHNESS
DISTRIBUTION ALONG THE TANGENTIAL
AND SPANWISE DIRECTIONS
In this investigation, NASA research single-
stage compressor Stage 35 is used. The design
parameters are provided in table 1. Stage 35 produces
1.8 total pressure ratio at a mass flow rate of 20.2 kg/s

at the design speed of 17188 rpm. Details of the Stage
35 geometry are shown in table 1.

Table 1: The design parameters of NASA stage 35

Rotor rpm at 100% speed | 17188.7
Tip speed (m/s) 454.456
Hub/tip aspect ratio 0.7
Rotor aspect ratio 1.19
Stator aspect ratio 1.26
Number of rotor blades 36
Number of stator blades 46

NASA Stage 35 rotor blade was divided into 12
regions along the chord direction to establish a model
with non-uniform roughness distribution. Except for the
leading and trailing edge regions, other regions are
aliquot in chord direction (Figure 1).Given the same
roughness along the leading edge and chord of the first
subregional area, the trailing edge and last area along
the chord had also the same subregional roughness.
The ten regions divided along the tangential direction
are C1, C2,.. C10. Depending on the different
distributions, roughness was attached to the blade. Ten
computing models were set up to simulate the effect of
non-uniform roughness on compressor performance.
The allocation rules are shown in Table 2, in which all
the regions are smooth in CNRO case to verify and
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compare the results. From the blade leading to trailing
edge, the roughness of CNR1, CNR3, and CNR5
increased linearly, whereas that of CNR2, CNR4, and
CNR6 decreased linearly. From the leading to trailing
edge, CNR 7 initially increased then decreased, but
CNR8 first decreased then increased linearly. For CNR9,
roughness increased by a quadratic law from the
leading to trailing edge. For CNR10, the roughness
increased logarithmically in the same direction.

Figure 1: Model with non-uniform roughness distribution
along the tangential direction

Table 2: Non-uniform regular roughness distribution
along the tangential direction (k  um)

Number | C1 C2 C3 C4 C5
CNRO 0 0 0 0 0
CNR1 0.1 6.7 13.4 20.1 26.8
CNR2 60.0 | 53.6 46.9 40.2 33.5
CNR3 0.1 3.3 6.6 9.9 13.2
CNR4 30.0 | 26.4 23.1 19.8 16.5
CNR5 30.0 | 33.3 36.6 39.9 43.2
CNR6 60.0 | 56.4 53.1 49.8 46.5
CNR7 0.1 15.0 30.0 45.0 60.0
CNR8 60.0 | 45.0 30.0 15.0 0.1
CNR9 0.1 2.4 54 9.6 15
CNR10 0.1 18.1 28.6 36.1 41.9
Number C6 C7 C8 C9 C10
CNRO 0 0 0 0 0
CNR1 335 | 40.2 46.9 53.6 60.0
CNR2 26.8 | 20.1 13.4 6.7 0.1
CNR3 16.5 | 19.8 23.1 26.4 30.0
CNR4 13.2 9.9 6.6 3.3 0.1
CNR5 46.5 | 49.8 53.1 56.4 60.0
CNR6 432 | 39.9 36.6 33.3 30.0
CNR7 48.0 | 36.0 24.0 12.0 0.1
CNR8 12.0 | 24.0 36.0 48.0 60.0
CNR9 216 | 294 38.4 48.6 60.0
CNR10 46.7 | 50.7 54.2 57.3 60.0
The rotor blade was also divided into ten

domains along the spanwise direction. Every area was
quoted along the spanwise direction and attached to
corresponding roughness values. The areas are named
from the root to tip (S1, S2,... S10) and are shown in
Figure 2. Ten group computational models were
established in different distribution rules. The distribution
rules of roughness in every area are shown in Table 3.
Similarly, CNRO was smooth in all domains and used to
verify and compare results. From the root to tip, the



roughness of SNR1,

increased by a quadratic law from the root to tip. For

SNR3, and SNR5

increased
linearly, whereas that of SNR2, SNR4, and SNR6
decreased linearly. SNR7 initially increased and then
decreased linearly. By contrast, SNR8 first decreased
and then increased linearly. For SNR9, roughness

SNR10, roughness increased logarithmically in the same

direction.

Figure 2: Model with non-uniform roughness distribution

along the spanwise direction

Table 3: Non-uniform regular roughness distribution

along the spanwise direction (kg, pm)

Number | St S2 S3 S4 S5
SNRO 0 0 0 0 0
SNR1 0.1 6.7 13.4 20.1 26.8
SNR2 60.0 | 536 | 469 | 402 | 335
SNR3 0.1 3.3 6.6 9.9 13.2
SNR4 30.0 | 26.4 | 231 19.8 16.5
SNR5 30.0 | 33.3 | 36.6 | 39.9 | 432
SNR6 60.0 | 56.4 | 53.1 | 498 | 46.5
SNR7 0.1 15.0 | 30.0 | 45.0 | 60.0
SNR8 60.0 | 45.0 | 30.0 | 15.0 0.1
SNR9 0.1 2.4 5.4 9.6 15
SNR10 0.1 18.1 | 28.6 36.1 41.9

Number S6 S7 S8 S9 S10
SNRO 0 0 0 0 0
SNR1 335 | 402 | 46.9 | 53.6 | 60.0
SNR2 26.8 | 20.1 | 134 6.7 0.1
SNR3 16,5 | 19.8 | 231 | 26.4 | 30.0
SNR4 13.2 | 9.9 6.6 3.3 0.1
SNR5 46.5 | 49.8 | 53.1 | 56.4 | 60.0
SNR6 432 | 399 | 36.6 | 33.3 | 30.0
SNR7 48.0 | 36.0 | 24.0 | 12.0 0.1
SNR8 120 | 24.0 | 36.0 | 48.0 | 60.0
SNR9 216 | 29.4 | 384 | 486 | 60.0
SNR10 46.7 | 50.7 | 54.2 | 57.3 | 60.0

According to literature, average roughness can

be used to measure a partial non-uniform distribution of
roughness on the entire measurement of roughness

height. In this study, average roughness parameter I?S

was used:

= 1
ks :ZJ.AdeA

In non-uniform distribution models, roughness
is attached in 10 partially discrete domains; thus, the

©)

blade average roughness K

following formula:

S

can be calculated by the

_ 1 10
ks :Z;(ksﬂa})

According to Eq. (7), the average roughness of
every model can be calculated and are shown below.

(7)

Table 4: Average roughness of each model (ES, pum)

Number | CNR1 | CNR2 | CNR3 | CNR4 | CNR5
k., 287 | 316 | 142 | 156 | 442
Number | CNR6 | CNR7 | CNR8 | CNR9 | CNRI10
k 456 | 269 | 331 | 217 | 380
Number | SNRT | SNR2 | SNR3 | SNR4 | SNR5
k, 313 | 290 | 155 | 143 | 455
Number | SNR6 | SNR7 | SNR8 | SNR9 | SNR10
k, 443 | 271 | 330 | 242 | 406

IV. CFD RESULTS AND ANALYSIS ON
ROUGHNESS OF NON-UNIFORM
DISTRIBUTION MODELS

In this paper, ICEM CFD, a business software,
was adopted for mesh generation. CFX physical model
was used for the calculation. HOH mesh structure was
adopted in computational domains, and O mesh was
used near the wall region of the blade. Tip clearance of
rotor blade was divided by a “butterfly grid” structure.
The grid near the blade was encrypted, and the height
of the first layer was set to 5 um. Finally, a model with
2.315 million grids divided as above was established
and used for grid-independent verification. The value of
wall y+ on computational domain was less than ten
overall. Figure 3 shows the mesh schematic of the

computational domain model.

After

condition.

a complete mesh generation, blade
roughness is given equivalent sand roughness k, by the
approach that deals with wall function of a roughened
surface in CFX software. The effect of different
roughness distributions on compressor aerodynamic
characteristics  was
conditions are set as follows:

Inlet: Given totd airflow pressure 101325 Pa, total
temperature 288.15 K, air intake axially.

Outlet: Average static pressure was given by radial
equilibrium equation. Pressure value to the analog
compressor was adjusted in different operating points.

Wall:  Heat insulation, velocity meets the no-slip |

calculated.

Other
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Figure 3: Mesh generation of computational domain

Comparison  between CFD results and
experimental data about Stage 35 smooth blade
computing model (CNRO) is shown to verify the
accuracy of the calculation method. Experimental data
related to this compressor were obtained from NASA
report, which was put forward by Moore and Reid. To
evaluate the model, performance at 100% and 90%
speeds were considered, and results are shown below.

Table 5: Comparison of numerical and experimental
results on the peak efficiency point

100% of design rotate
speed
Numerical Experimental
results results
Mass flow rate (kg/s) 20.05 20.46
Pressure ratio 1.845 1.842
Temperature ratio 1.229 1.225
efficiency 0.834 0.845
Rotate speed (r/min) 17188 171191
90% of design rotate speed
Numerical Experimental
results results
Mass flow rate (kg/s) 18.83 19.13
Pressure ratio 1.63 1.574
Temperature ratio 117 1.16
efficiency 0.862 0.865
Rotate speed (r/min) 15469 15451.3

Table 5 shows the peak efficiency and
experimental data in CFD at 100% and 90% speeds.
Given that literature has not pointed peak point at 90%
speed, the operating points in its vicinity are compared
in the table. Except for the pressure ratio at 90% speed,
which shows large errors in the table, errors of other
parameters are all smaller than 2%. Based on the above
analysis, the numerical simulation can be defined as
effective.

a) CFD results and analysis on models of non-uniform
roughness distribution along the tangential direction
Using the above method, models with different

regular distributions along the chord direction under

design speeds were calculated. Characteristic line of
flow versus pressure ratio and compressor operation

© 2017 Global Journals Inc. (US)

under

efficiency were  obtained
conditions, as shown in Figure 4.
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Figure 4. Characteristic line of models with different
regular distributions along the chord direction

As shown in Fig. 4, the overall performance
parameters of compressor decreased with additional
roughness to the rotor blade, such as pressure ratio and
efficiency. CNR3 and CNR9 correspond to the
compressor performance with the least decline (peak
efficiency decreased by 0.7% and 0.76%). CNR2 and
CNR6 correspond to the compressor performance with
the most serious decline (peak efficiency decreased by
2.15% and 2.39%). By comparing different roughness
distribution laws and its corresponding numerical
simulation results, we conclude that both the value of
the average roughness and local distribution of rough
surface on compressor played important roles in the
overall performance of the compressor. When the
roughness distribution rules were the same, higher
average roughness value indicated more decreased
compressor performance. When the average roughness
value was same, a higher value of the leading edge of
local roughness (before 40% along the chord direction)

caused a greater effect on the compressor
performance. The blade trailing edge of the local
roughness exhibited a minimal effect on the

performance of the compressor.

Figure 5 shows the limit streamlined on the
suction side of the rotor blade when the compressor
was under CNR3, CNR9, CNR2, and CNR6, which are
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four different sets of the model that correspond to the
peak efficiency point. CNR3 and CNR9 caused the least
decline in compressor performance. CNR2 and CNR6
caused the highest decline in compressor performance.

Velocity [m s*-1] Velocity [ms*-1]
N % L3 ) A
N K _ﬂh‘ o &

(@)CNR2
Velocity [ms*1]  Velocity [m 1]
GRS & 3 A ®
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(d)cNRg

(c)CNR3
Figure 5: Limit streamlines on the suction side of the
rotor blade that corresponds to the peak efficiency point

Fig. 5 shows that the Ilimit streamlines
distribution is similar on the suction side of the blade in
each condition (i.e., CNR2, CNR6, CNR3, and CNR9), in
addition to the different separation zones near the blade
tip. The separated airflow near the root of the blade and
that along the spanwise direction in the blade tip
direction in CNR2 and CNR6 were involved in the main
flow before reaching the blade tip and forming a wake.
To model CNR3 and CNR9, the separation of airflow
rose to the blade tip and then involved into the vortex
near the tip. The structure and location of the vortex
differed in different conditions. On the one hand, this
phenomenon is attributed to the higher average
roughness of CNR2 and CNR6. On the other hand, a
major factor for this phenomenon is due to the
roughness areas that are mainly distributed in the
leading edge (before 40% along the chord direction).
The disturbance is exacerbated in CNR2 and CNR6 so
that the boundary layer separates earlier than the other
conditions, resulting in increased losses in the
compressor and reduced work efficiency.

pressure coefficient Cp

-4.00 4
Nomalizalition position of the blade along flow
direction
Figure 6. Pressure coefficient number on the middle
section of the rotor blade

Figure 6 shows that the effect of surface
roughness on the pressure coefficient is concentrated at
the leading edge of the 40% chord region on the
pressure side and 40%-70% chord region on the
suction side. The flow of the boundary layer near the
wall was affected by the roughness surface,
subsequently increasing the pressure gradient within the
boundary layer. This phenomenon led to the forward
movement of the inverse pressure gradient area along
the chord direction and then the advanced separation of
the boundary layer, increasing the losses. The inverse
pressure gradient area was closest to the leading edge
in CNR2 and CNR6, which caused greatest pressure
loss and the most serious performance degradation.
Compared with  CNR2 and CNR6, the pressure
coefficient curve corresponding to models CNR3 and
CNR9 was closer to the initial model (with no roughness
surface model); the distance between the turning point
and the leading edge was longest and caused a slight
performance degradation. This result is due to the
smaller average roughness of CNR3 and CNR9 and
smaller roughness value close to the leading edge.

b) CFD results and analysis on non-uniform roughness
distribution models along the spanwise direction

Similarly, models with  different regular
distributions along the spanwise direction were
calculated under design speeds. Characteristic line of
flow versus pressure ratio and compressor operation
efficiency under corresponding conditions were
obtained, as shown in Figure 7.
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Figure 7: Characteristic line of models with different
regular distributions along the spanwise direction

As shown in Fig. 7, the overall performance
parameters of compressor decreased with additional
roughness to the rotor blade, such as pressure ratio and
efficiency. The working characteristic line of the
compressor moved to the lower-left corner. By
comparing different numerical simulation results and its
corresponding roughness distribution laws, we conclude
that the simulation results are different from the non-
uniform distribution along the chord of the roughness
model. Concentrated roughness in the hub or tip of the
blade did not show a special effect on the overall
compressor performance parameters. The decline in
compressor performance was mainly due to the value of
the average roughness.

Figure 8 shows the limit streamlined on the
suction side of the rotor blade when the compressor
was under SNR3, SNR4, SNR5, and SNR6, which are
four different sets of the model that correspond to the
peak efficiency point. SNR3 and SNR4 caused the least
decline in compressor performance (peak efficiency
decreased by 0.86% and 0.92%). SNR5 and SNR6
caused the highest decline in compressor performance
(peak efficiency decreased by 1.87% and 1.92%).
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Figure 8: Limit streamlines on the suction side of the
rotor blade corresponding the peak efficiency point

Fig. 8 shows that the limit streamlines
distribution is similar on the suction side of the blade in
each of the SNR3, SNR4, SNR5, and SNR6 conditions.
Compared with SNR3 and SNR4, the main differences in
SNR5 and SNR6 are the closer turning point near the
root of the blade to the leading edge, the advance
occurrence of the boundary layer separation, and more
serious flow vortex in SNR5 and SNR6, which allow
greater flow loss. This phenomenon is primarily
attributed to the larger average roughness in SNR5 and
SNR6 than in SNR3 and SNR4 and is not due to the
value of the local roughness.
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Figure 9: Pressure coefficient number on different
heights of the rotor blade



Figure 9 shows the slight difference between
SNR3 and SNR4, as well as between SNR5 and SNR6.
This result is due to their similar average roughness
value. The pressure coefficient curve almost coincided
at the middle section of the blade although an evident
difference exists in the local roughness between each
model. In the 95% spanwise section, the difference in
pressure coefficient curve between these four models
varied widely. This difference is due to the existence of
the tip clearance, which makes the flow at the tip more
complex. Therefore, we conclude that in the spanwise
direction, local roughness had a slight effect on the
overall compressor performance. The degradation of
compressor performance was mainly due to the value of
the average roughness.

V. CONCLUSIONS

Models with different regular distributions along
the chord and spanwise directions under design speed
were calculated, and the degradation of the compressor
performance was obtained. Conclusions drawn were as
follows:

1) Methods of wall function were used in this paper; a
function that can measure the roughness of surface
was added into the wall function. The wall function
was used to simulate different models with different
roughness distributions, and then the degradation
of Stage 35 was obtained.

2) The numerical simulation results of models with
different regular distributions along the chord
direction are as follows. Both the value of the
average roughness and local distribution of the
rough surface on compressor played important
roles in the overall performance of the compressor.
When roughness was distributed from the blade
leading edge to 40% of the chord, the compressor
performance was greatly influenced; in severe
performance, compressor efficiency decreased by
more than 2%. Roughness distribution near the
trailing edge had a minimal influence to the
compressor and can be ignored.

3) The numerical simulation results of models with
different regular distributions along the spanwise
direction showed that local roughness, which is
distributed along the spanwise direction, had a
slight effect on the overall compressor performance
and can be ignored. The degradation of
compressor performance was mainly due to the
value of the average roughness.
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Nomenclature
£ Air density

u” Near surface velocity

U, Frication velocity

U, Tangential velocity

Ay Distance to the wall

y" Dimensionless distance to the wall
M Viscosity coefficient

A Total surface area

7,, Wall shear stress

K Constant number of von Karman

C Constant number related to roughness
B Constant number of rough height

AB Offset of rough height

h" Dimensionless number of roughness
h Average roughness of blade surface roughness
hS Average of roughness parameters

h" Dimensionless number of h,
v Dynamic viscosity

kS Equivalent gravel roughness
ES Average roughness

Cp Pressure coefficient factor Cp = (Pg-P)/ (Py-Pas)



NVZ GLOBAL JOURNAL OF SCIENCE FRONTIER RESEARCH: |
R ot INTERDISCIPLINARY
Volume 17 Issue 2 Version 1.0 Year 2017
Type: Double Blind Peer Reviewed International Research Journal
Publisher: Global Journals Inc. (USA)
Online ISSN: 2249-4626 & Print ISSN: 0975-5896

Assessment of Prescribing Practices through WHO
Prescribing Indicators at Nekemte Referral Hospital, West
Ethiopia

By Balisa Mosisa, Mihiret Yirdaw & Getu Bayisa

Abstract- Background: The ultimate goal of drug utilization related studies are to figure out the
actual practices on the ground, and comparison of that with set standard, so that improvement
can be made to achieve maximum possible health out come for a patient. One of the players of
this game to achieve this goal is prescribers on which this study spins.

Methods: This study was a descriptive cross-sectional survey which investigated the prescribing
practices of prescribers using WHO core prescribing indicators at Nekemte Referral Hospital in
west Ethiopia. 770 Prescriptions were retrospectively reviewed in outpatient pharmacy of the
hospital selected through systematic random sampling over the period from January 2, 2015 to
March 2, 2015.

Keywords: prescribing indicators, rational prescribing, prescribers, and drug utilization.
GJSFR-I Classification: FOR Code: 111599

ASSESSMENTOFPRESCRIBINGPRACTICESTHROUGHWHOPRESCRIBINGINDICATORSATNEKEMTEREFERRALHOSP ITALWESTETHIOPIA

Strictly as per the compliance and regulations of:

© 2017. Balisa Mosisa, Mihiret Yirdaw & Getu Bayisa. This is a research/review paper, distributed under the terms of the Creative
Commons Attribution-Noncommercial 3.0 Unported License http://creativecommons.org/licenses/by-nc/3.0/), permitting all non
commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



Assessment of Prescribing Practices through
WHO Prescribing Indicators at Nekemte
Referral Hospital, West Ethiopia

Balisa Mosisa ®, Mihiret Yirdaw ° & Getu Bayisa °

Abstract- Background: The ultimate goal of drug utilization
related studies are to figure out the actual practices on the
ground, and comparison of that with set standard, so that
improvement can be made to achieve maximum possible
health out come for a patient. One of the players of this game
to achieve this goal is prescribers on which this study spins.
Methods: This study was a descriptive cross-sectional survey
which investigated the prescribing practices of prescribers
using WHO core prescribing indicators at Nekemte Referral
Hospital in west Ethiopia. 770 Prescriptions were
retrospectively reviewed in outpatient pharmacy of the hospital
selected through systematic random sampling over the period
from January 2, 2015 to March 2, 2015.

Results: Of all prescriptions, the mean numbers of drugs per
prescriptions were 2.1, the generic name prescribing practices
were 98.26%, and prescriptions carrying antibiotics were 69 %,
while those carrying injections were 21.94%. Out of all drugs
prescribed in the hospital, 1.74% of them were not found in
Ethiopian STG. Also 18.45% of them were with incorrect name
and strength, 11.82% haven't the right doses, and 6% haven't
right frequency, while 20.5% of them haven't right duration of
treatment.

Conclusion: On the basis of the finding of this study, the
prescribing practices for antibiotic use and poly Pharmacy
show deviation from the standard recommended by WHO.
These two commonly overused and high probability of drug
side effect and interaction forms of drug therapy need to be
regulated closely. Drug use evaluation should be done for
some of the antibiotics to check whether they were
appropriately prescribed or not. On the other hand, injection
use, generic prescribing and prescribing from EDL were not
found to be a problem in this study. Referral hospitals have a
special responsibility to society to prescribe selectively with
strong caution to save lives of patients as a final treatment
facility.

Keywords: prescribing indicators, rational prescribing,
prescribers, and drug utilization.

[. INTRODUCTION

he rational use of drugs requires that patients
receive medications appropriate to their clinical
needs, in doses that meet their own individual
requirements for an adequate period of time, and at the
lowest cost to them and their community [1].

Rational use of medicines is a mechanism
through which safe, effective and economic medication

Author a o p: Department of Pharmacy, College of Health Sciences,
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is provided. It is promoted through the collaborative
efforts of prescribers, dispensers, patient and
policymakers. Rational prescribing ensures adherence
to treatment and protects medicine consumers from
unnecessary adverse medicine reactions and wrong
treatment practices [2].

Irrational or non-rational use is the use of
medicines in a way that is not compliant with rational
use as defined above. Worldwide more than 50% of all
medicines are prescribed, dispensed, or sold
inappropriately, while 50% of patients fail to take them
correctly [3].

Common types of irrational medicine use are:
The wuse of too many medicines per patient
(polypharmacy); inappropriate use of antimicrobials,
often in inadequate dosage, for non-bacterial infections;
over-use of injections when oral formulations would be
more appropriate; failure to prescribe in accordance
with clinical guidelines; inappropriate self-medication,
often of prescription only medicines [3].

Inappropriate use and over-use of medicines
waste resources - often out-of-pocket payments by
patients and result in significant patient harm in terms of
poor patient outcomes and adverse drug reactions.
Furthermore, over-use of antimicrobials is leading to
increased antimicrobial resistance and non-sterile
injections to the transmission of hepatitis, HIV/AIDS and
other blood-borne diseases. Finally, irrational over-use
of medicines can stimulate inappropriate patient
demand, and lead to reduced access and attendance
rates due to medicine stock-outs and loss of patient
confidence in the health system [3].

Irrational use of medicines is a major problem
worldwide. WHO estimates that more than half of all
medicines are prescribed, dispensed or sold
inappropriately, and that half of all patients fail to take
them correctly. The overuse, underuse or misuse of
medicines results in wastage of scarce resources and
widespread health hazards. Examples of irrational use of
medicines include: use of too many medicines per
patient  ("poly-pharmacy");  inappropriate  use  of
antimicrobials, often in inadequate dosage, for non-
bacterial infections; over-use of injections when oral
formulations would be more appropriate; failure to
prescribe in accordance with clinical guidelines;
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inappropriate self-medication, often of prescription-only
medicines; non-adherence to dosing regimes [4].

Without knowledge of how drugs are being
prescribed and used, it is difficult to initiate a discussion
on rational drug use or to suggest measures to improve
prescribing habits [5].

Indicators of prescribing practice measure the
performance of health care providers in several key
dimensions related appropriate use of drugs. The
indicators are based on the practice observed in
samples of clinical encounters taking place at outpatient
health facilities for the treatment of acute or chronic
illnesses. World Health Organization developed a core
prescribing indicators to measure the degree of
polypharmacy, the tendency to prescribe drugs by
generic name and the overall level of use of antibiotics
and injections. The degree to which the prescribing
practice conformed to the essential drug list, formulary
or standard treatment guideline were also measured by
searching for the number of drugs prescribed from
essential drug list available [6].

Prescribers can only treat patients in a rational
way if they have access to an essential drugs list and
essential drugs are available on a regular basis [7].

In the absence of such facility related factors,
the risk of irrational prescribing could raise several folds.
Irrational use of drugs leads to different consequences
including but not limited to ineffective treatment,
unnecessary  prescription of drugs particularly
antimicrobials and injections, development of resistance
to antibiotics, adverse effects and economic burden on
both patients and society. It has been estimated that
50% or more medicine expenditure is being wasted
through irrational prescribing, dispensing and patient
use of medicine [8].

There was no published drugs prescribing
practices assessment in this study area, even though
periodic assessment of the prescribing practices in a
health facility is necessary to identify specific drug use
problems, sensitize practitioners on rational drug
prescription and provide policy makers with relevant
information that could be useful in review of drug
procurement policies and implementation of policies on
drug prescribing practices in the affected institutions
and regions.

This retrospective basic cross-sectional survey
was therefore meant to analysis the prescribing practice
of clinicians using World Health Organization (WHO)
prescribing indicators at Nekemte Referal Hospital
found in west Ethiopia.

[I. METHODS

a) Study Setting

Nekemte is located in the western part of
Ethiopia. The study was conducted at Nekemte Referral
Hospital, in Nekemte, which is about 331km west of
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Addis Ababa. It is one of main referral hospitals in
western regions of the Nation.

b) Study Design

A retrospective, quantitative, and cross-
sectional survey designed to describe the current
prescribing practices at Nekemte Referral Hospital.

c) Data Collection and Analysis

One well-trained pharmacy personnel collected
data on prescribing indicators retrospectively by using
prescriptions and prescription registration books. The
specific types of data necessary to measure the
prescribing indicators were recorded for each patient
encounter and entered directly into an ordinary
prescribing indicator form.

According to the WHO document “How to
investigate drug use in health facilities,” at least 600
encounters should be included in a cross-sectional
survey to describe the current prescribing practices, with
a greater number, if possible [6]. For this particular
study, the total population, N=9,425, the level of
precision, d=0.05, the probability of making prescribing
error was not known in the area, so, p=0.5 was
assumed, level of significance, a=0.05 were used as
inputs to compute sample size. The total required
sample size after doubling was almost 770. 770
prescriptions were collected retrospectively by doubling
the sample obtained by the statistical method from
prescriptions prescribed and issued from January 2 to
March 2, 2015.

The sample was selected using a systematic
random sampling method. First, total number of
prescriptions written from January 2, to March 2, 2015
were selected and identified. Total numbers of
prescription papers in the selected study period were
9,425. Then this number was divided for determined
sample size (770), and the resulting number is used as
sampling interval. Therefore, sampling interval is 12,
After sampling interval is known, with interval of every 12
prescriptions, the desired prescription samples to be
investigated were selected.

All data in the ordinary prescribing indicator
recording form were first analyzed manually and then
using Microsoft Excel 2007. In the statistical analysis,
frequencies, averages/means, standard deviations and
percentages were obtained.

d) Prescribing Indicators

The WHO prescribing indicators were used in
this study. The indicators were pretested, and slight
modification was made so that they could be used
easily to provide accurate data. The final versions of the
pretested indicators are described below. The
prescribing indicators that were measured included:

1. The average number of drugs prescribed per
encounter was calculated to measure the degree of
polypharmacy. It was calculated by dividing the total



number of different drug products prescribed by the
number of encounters surveyed. Combinations of
drugs prescribed for one health problem were
counted as one.

2. Percentage of drugs prescribed by generic name is
calculated to measure the tendency of prescribing
by generic name. It was calculated by dividing the
number of drugs prescribed by generic name by
total number of drugs prescribed, multiplied by 100.

3. Percentage of encounters in which an antibiotic was
prescribed was calculated to measure the overall
use of commonly overused and costly forms of drug
therapy. It was calculated by dividing the number of
patient encounters in which an antibiotic was
prescribed by the total number of encounters
surveyed, multiplied by 100.

4. Percentage of encounters with an injection
prescribed was calculated to measure the overall
level use of commonly overused and costly forms of
drug therapy. It was calculated by dividing the
number of patient encounters in which an injection
was prescribed by the total number of encounters
surveyed, multiplied by 100.

5. Percentage of drugs prescribed from an essential
drug list (EDL) was calculated to measure the
degree to which practices conform to a national
drug policy as indicated in the national drug list of
Ethiopia. Percentage is calculated by dividing
number of products prescribed which are in
essential drug list by the total number of drugs
prescribed, multiplied by 100.

e) Operational Definitions

Generic Drugs: The essential drug list of Ethiopia is used
as a basis to determine drugs as generic or brand
name.

Antibiotics: Drugs such as penicillins, antibacterials,
antiinfective dermatological drugs, and anti-infective
opthalmological agents, antidiarrheal drugs with
streptomycin, neomycin, and metronidazole are
considered antibiotics when used in the context of
antibiotics.

Combination of Drugs: Two or more drugs that are
prescribed for a given health condition. For example,
triple therapy for helicobacter pylori induced peptic ulcer
is counted as one.

Generic Drugs: Is the established non- proprietary or
common name of the active drug in drug product. The
Essential Drug List of Ethiopia is used as a basis to
determine drugs as generic or brand name.

Indicators: Are the variables one cause created and
validated by the WHO as they have to measure rational
use in health facilities

Prescribers: Any medical practitioner who is licensed or
authorized to write prescription.

Prescription: Is an order for a medication issued by a
physician, dentist or other properly licensed medical
practitioner.

Brand Name: A proprietary name or a registered trade
mark of drug product given by the manufacturer.

) Ethical Consideration
Ethical approval was obtained from the Wollega
University Pharmacy Department.

[1I. RESULTS AND DISCUSSION

Samples of 770 patient encounter prescriptions
were assessed retrospectively in the medical outpatient
pharmacy of Nekemte Referral Hospital from January 2,
2015 to March 2, 2015. Data was collected and
analyzed on the line of its objectives based on WHO
core prescribing indicators to assess prescribing
practices at the Hospital, out of which all of prescriptions
contained patients’ names; 79.48% bear sex of patients;
73.2% held ages of clients; 71.16% were written with
card numbers. Whereas, none of the prescriptions
contained weight and address of patients, while 18.44%
of prescriptions were bearing diagnosis in the study
facility.

a) The Average Number of Drugs Prescribed Per-
Encounter

A total of 1616 drug products were prescribed

on 770 prescription papers, thus, average number of
drugs per encounter or mean was 2.1 (minimum 1 and
maximum 6), specifically 25.19% of prescriptions were
with one drug, 41.04% with two drugs, 17.66% with three
drugs , while 16.62% of them were with four and above
drugs on single prescription. This average (2.1) is higher
compared with the standard (1.6-1.8) derived as ideal
9].
o) In a similar study performed in south west
Ethiopia at Jimma Hospital, the average number of
drugs per encounter was 1.59, which was in the
acceptable range [10].

However, in a study on prescribing patterns in
three hospitals in north Ethiopia, the average number of
drugs per patient was 0.98 at Gondar Hospital, 1.8 in
Bahirdar Hospital, and 2.2 in Debre Tabor Hospital [11].

A national baseline study on drug use indicators
in Ethiopia in September 2002 also found the average
number of drugs prescribed per encounter to be 1.9,
which is similar to our finding [12].

In the study of drug use patterns in 3
developing countries, the average number of drugs per
encounter was high in Nigeria (3.8), low in Sudan (1.4),
and in Zimbabwe (1.3) [14].

Reasons of high average number of drugs per
encounter might be due to shortage of therapeutically
correct drugs; and/or lack of prescribers’ therapeutic
training; and/or lack of appropriate diagnostic
equipments; and/or un reliable prescribers ability to
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diagnose and treat common illness or may be
prescribers were influenced by patients demands [6].

Poly pharmacy if present is one of the essential
indicators of potential drug-drug interactions, risk of fatal
combined or synergistic medication side effects,
medication non-adherence and hence poor treatment
outcomes that even can lead to death. As a measure of
poly pharmacy, the average number of drugs per
encounter as a whole was determined to be 2.1 in this
study showing the presence of overprescribing in
hospitals of west Ethiopia as per the WHO recommend
limit which is less than 2 [13].

b) Percentage of Drugs Prescribed by Generic Names

The total numbers of drugs prescribed by
generic names were 98.26% which is almost similar to
the standard (100%) derived as ideal [9].

Use of generic names in prescription eliminate
the chance of duplication of drug products and also
reduce the cost of the patient [15].

Generic medications offer a cheap alternative to
name-brand prescription drugs. Generic drugs can save
thousands of dollars in costs. Filling prescriptions with
generic versions to can save both the company and the
patient money. The Food and Drug Administration (FDA)
states that a generic drug is “identical” to a name-brand
drug in terms of its “bioequivalence.” According to the
FDA, biocequivalence includes “dosage form, safety,
strength, route of administration, quality, performance
characteristics, and intended use.” By these standards,
the FDA seeks to ensure that the active ingredients in
generic drugs are exactly the same as in their name-
brand counterparts, but that's where the uniformity may
end. “Identical does not mean ‘same,’” there is variation
which is allowed according to the FDA, which states that
a generic must provide “roughly” the same blood level
of the active ingredient as the name-brand. Those blood
levels can range between 80 to 125 percent of what the
name-brand drug achieves. This could be the reason
that people have different reactions when they switch
from a name-brand drug to a generic. Differences in
generic medications likely exist for all conditions and
treatments, but it may not be significant [16].

Prescribers can only treat patients in a rational
way if they have access to an essential drugs list and
essential drugs are available on a regular basis [7].

c) Percentage of Encounters in which an Antibiotics
The percentage of encounters in which
antibiotics were prescribed at Nekemte Referal Hospital
was 69.1%, which is very high compared to the standard
(20.0%-26.8%) derived to be ideal [9]. A national
baseline study on drug use indicators in Ethiopia in
September 2002 also showed that the percentage of
encounters in which an antibiotic was prescribed was
58.1%, less than this finding [12]. In the drug use pattern
study in 4 developing countries, the percentage of
encounters in which an antibiotic was prescribed was
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higher in Sudan (63%), lower in Uganda (56%), and
Nigeria (48%) and Zimbabwe (29%) compared to
current study [14].

This finding suggests that antibiotic prescribing
at this facility needs to be regulated. Frequent and
inappropriate use of antibiotics can cause bacteria or
other microbes to change so antibiotics don’t work
against them. This is called bacterial resistance to
antibiotics. Treating these resistant bacteria requires
higher doses of medicine or stronger antibiotics.
Because of antibiotic overuse, certain bacteria have
become resistant to even the most powerful antibiotics
available today.

Antibiotic resistance is a widespread problem,
and one that the Centers for Disease Control and
Prevention (CDC) calls "one of the world's most pressing
public health problems." Bacteria that were once highly
responsive to antibiotics have become more and more
resistant. Among those that are becoming harder to
treat are pneumococcal infections (which cause
pneumonia, ear infections, sinus infections, and
meningitis), skin infections, and tuberculosis [17].

In addition to antibiotic resistance, overusing
antibiotics can lead to other problems. Antibiotics Kkill
many different bacteria, even the good ones that help
keep the body healthy. Sometimes taking antibiotics can
cause a person to develop diarrhea due to a lack of
good bacteria that help digest food properly. In some
cases, bad bacteria, like Clostridium difficile, may
overgrow and cause infections [18].

The average patient facing an antibiotic-
resistant infection can expect a medical bill of between
$18,588 and $29,069 in 2009 dollars, totaling $20 billion
in health care costs each year in the U.S., according to
estimates from the Alliance for the Prudent Use of
Antibiotics at Tufts University. In 2000, the U.S. lost $35
billion because of premature deaths, hospital stays, and
lost wages related to antibiotic-resistant infections, Tufts
researchers found [19].

The high percentage of antibiotics prescribed in
current study setting may be due to cultural beliefs of
community about antibiotics, high percentage of patient
expectation to receive certain antibiotics, or prescribers’
belief that the therapeutic efficacy of antibiotics is low or
lack of sophisticated laboratory facilities for differential
diagnosis that lead to empirical therapy [6].

d) Percentage of Encounters with Injections

The percentage of encounters in which an
injection was prescribed at Nekemte Referal Hospital
was 21.94%, which is with in higher limit range of the
standard derived (13.4%-24.1%) to serve as ideal [6].
Possible reasons for the high use of injections could be
(i) beliefs and attitudes of patients and health
professionals about the efficacy of injection versus oral
medication or (i) our study setting is a referral hospital
where patients with serious conditions are treated, and



injectable forms produce faster onset of action. A
national baseline study on drug use indicators in
Ethiopia in September 2002 found that the percentage
of encounters with an injection was 23%, which is some
what higher than this finding and in the acceptable
range [12]. In a prescription pattern study in 6
developing countries, the percentage of encounters in
which an injection was prescribed were very high in
Uganda (48%) and Sudan (36%) but very low in
Zimbabwe (11%), and in the acceptable range in
Indonesia (17%), Ecuador (17%), and Mali (19%) [14].

Injections are very expensive compared to other
dosage forms and require trained personnel for
administration [14]. All methods of injecting are
potentially extremely harmful - of all the ways to get
drugs into the system, injection has the most risks by far
as it bypasses the body's natural filtering mechanisms
against viruses, bacteria and foreign objects. There is a
greater risk of overdose, infections and health problems
[21].

They can some times lead to the following
health problems especially if health professional is not
well experienced:

1. Increased chance of infection which lead to
abscessed infections of injection sites due to lack of
hygiene and aseptic technique, and some times to
serious systemic infections such as HIV/AIDS,
Hepatitis and other blood-born diseases;

2. Increased chance of overdose - because IV
injection delivers a dose of drug straight into the
bloodstream, it is harder to gauge how much to use.
In addition, because of the rapid onset, overdose
can occur very quickly, requiring immediate action;

3. Scarring of the peripheral veins- this arises from the
use of blunt injecting equipment. This is particularly
common with users who have been injecting re-use
disposable syringes. IV drug use for an extended
period may result in collapsed veins;

4. Arterial damage- arterial aneurysms may form at
injection sites, which can rupture, potentially
resulting in hemorrhage, distal ischemia, and
gangrene. Inadvertent intra-arterial injection can
also result in endarteritis and thrombosis, with
ultimately similar consequences [20].

e) The Percentage of Drugs Prescribed from the
Essential Drug List

The percentage of drugs prescribed from the
essential drug list for Nekemte Referral Hospital in the
study period was 98.96%, which is almost similar with
the standard (100%) derived to serve as ideal [9]. A
study of the patterns of prescription at Jimma Hospital,
south west Ethiopia, showed similar results, where
almost all drugs prescribed for the health problems were
on the essential drug list of the country, but few drugs
prescribed out of the list were those that were on the
national drug list of Ethiopia [8]. A national baseline

study on drug use indicators in Ethiopia in September
2002 showed that the percentage of drugs prescribed
from the essential drug list were 99%, which is very
encouraging [12]. In a study of prescription patterns
from 2 developing countries, the percentage of drugs
prescribed from the essential drug list were 88% in
Tanzania and 96% in Nepal [14].

Essential drugs offer a cost-effective solution to
many health problems in developing countries. The
national EDL were selected regarding to disease
frequency, be affordable, with assured quality and be
available in appropriate dosage forms [22].

) Limitations

The study used the WHO prescribing indicators,
which are supposed to record exactly what is prescribed
to patients, but not why. In order to explain why, other
techniques are needed. The prescribing indicators
measure aspects of outpatient treatment. They are
designed for use in health centers, dispensaries or
hospital outpatient departments.

The prescribing indicators are less useful in
specialty outpatient clinics in referral hospitals where the
drug use pattern is more complex.

IV. CONCLUSION

On the basis of the finding of this study, the
prescribing practices for antibiotic use show high
deviation from the standard recommended by WHO.
Also there are slightly higher poly pharmacy cases.
These two commonly overused antibiotics and
polypharmacy of drug therapy need to be regulated
closely. Drug use evaluation should be done for some of
the antibiotics to check whether they were appropriately
prescribed or not. On the other hand, percentage of
injection use, generic prescribing, and prescribing from
Essential Drug List were not found to be a significant
problem in this study. Baseline data gathered by this
study can be used by researchers and policymakers to
improve prescribing practice at Nekemte Referral
Hospital.

Several activities have proved useful and
effective in promoting rational drug use and should be
recommended for general use. These are acting
according to national standard treatment guidelines;
essential drug lists; establishing drug and therapeutic
committee;  problem-based  basic  training in
pharmacotherapy; targeted continuing education;
improving drug availability, improving drug accessibility,
and ensuring supply of affordable drugs of a good
standard; drug information centers establishment;
expansion of drug use evaluation system and
preparation and dissemination of drug bulletins.
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Abstract- Airlines are suffering from such competition. Service
quality is typically defined regarding consumer satisfaction.
The purpose of this paper is to provide a better understanding
of how satisfaction level among passenger with Arik and Aero
Airlines is and how its managers can improve their service
quality. To reach to achieve this purpose, we have studied
different models of service quality measurement and adopted
Gronroos model as a comprehensive model, we developed
and adopted it to encompass various aspects of airlines’
services. We inclusively inferred that passengers of Arik and
Aero are not satisfied with the perceived services and it warns
manager to focus on passengers’ expectations. Tangibles,
assurance, responsiveness, reliability, empathy, image and
technical quality are seven features of the model, and in all of
them, passengers feel dissatisfied. Managers should treat
employees, improve visual facilities and coordinate all people,
departments, and organizations involved with the airline.
Finally, with airline must measure passengers’ satisfaction and
service quality seasonally to keep the services corresponded
with customers’ opinions.

Keywords: airline, service quality, gronroos model and
passenger.

I. BACKGROUND [INFORMATION

here are no doubts the impacts of air transport
industry to the socio-economic development of
Africa cannot be overemphasized. According to
ATAG (2008), the air transport industry generates
around 430,000 jobs in Africa and contributes USD 9.2
billion to Africa GDP (direct, indirect and induced
impacts). Similarly in its regional air traffic figures and
forecast for Africa sees a 5.6 and 4.6%, respectively in
the economic induced increase in passengers and
freight for the continent (ICAO, 2007). Also, the
integration of Africa economies with the global
economies has been enhanced through air transport.
Moreover, it has buoyed the comparative advantage of
most African countries and especially Nigeria on some
special economic activities as tourism and allied
industry. Tourism developments in Nigeria have been
reliably linked to the development of air services to
tourism destinations in Nigeria (Ogunkoya, 2008).
Remarkably, airline services are seen as a
veritable instrument of globalization and market
expansion, political and cultural integration and
destination value enhancement (ATAG, 2008). Air

Author e o p € ¥ § : Department of Transport Management Technology,
Federal University of Technology, Owerri, Imo State, Nigeria.
e-mail: ejemflagospel@yahoo.com

services make possible multinational institutions,
corporations and companies to expand rapidly growing
distant markets. It facilitates competition among
industries  leading to  efficiency, innovations,
entrepreneur development, revenue enhancement and
increased productivity. It has changed the global supply
chain and helps rapid and realizable movement of
goods and services worldwide. Similarly, political and
cultural integration of the nations of the world has been
greatly improved through open skies treaties among the
nations of the world creating political and cultural
interference and optimal diplomacy. The values of
numerous destinations across the globe have been
enhanceddue to improvement in the accessibility of
destinations.  Notably, policy interventions and
innovations as  deregulation and liberalization,
recapitalization, the institutional framework as well as
globalization have impacted on the airline services in
Nigeria. For instance, the reality of air transport services
in Nigeria (Akpoghomeh, 1999; Adeniji, 2000). Similarly,
the institutional restructuring and reforms  of
government’'s agencies have created a regime of
efficiency and effectiveness which have impinged on air
services operations in Nigeria (Ogunkoya, 2008). Also,
the re-capitalization policy of the federal government on
all airlines operating in the country resulted in the
consolidation of the investment portfolio of most airlines
operations leading to merger and acquisition. The
effects led to the acquisition of brand new aircraft, route
expansion, and capital base enlargement.

The Nigeria airline industry has gone through a
roller-coaster ride for the past few years. Among factors
contributing to the situation are increasing fuel prices,
escalating security insurance, rapid deregulation of the
industry, as well as natural disaster, ranging from the
outbreak of diseases, etc. that hinder the growth of air
transport. In the past decade, air travel has grown by 7%
per year. Many of the Nigerian airlines have made
significant investments in aircraft amenities (e.g.
Overhead bin space, seating) at the same time that they
have sharply reduced the number and the
compensation of employees (Armstrong 2001). These
actions suggest an alternative view of the service value
profit chain for air travel and freight forwarding- that
customer satisfaction is more dependent on physical
attributes of the service than on employee interactions. |
consider this possibility in the context of service
operations failure.

© 2017 Global Journals Inc. (US)
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Nigeria Aviation sector has had its ups and
downs and is still growing. Operators have therefore had
to deal with the challenges while at the same time
reaping the benefits. As cooperation increasingly are
attracted to international markets to overcome stagnant
domestic market growth and stimulate revenues in
various industries, enlightened appreciation of the
needs and wants of consumers of other countries are
increasingly important for those companies exposing

the market concept. Customer satisfaction is
determined by customer perceptions of quality,
expectations, and preferences (Barsky, 1995) said

another way, “satisfaction, or lack of it, is the difference
between how a customer expects to be treated and how
he or she perceives being treated.”Parasuraman et al.
1988, described service quality as: the ability of the
organization to meet to exceed customer expectations.
Customer expectations may be defined as the “desires
and want of consumers,” i.e. what they feel a service
provider should offer rather than would offer
(Parasuraman, 1988).In their empirical findings, Cronin
and Taylor specifically explored the relationship between
service quality, satisfaction, and purchase intention.
Furthermore, the compared SERVQUAL's efficacy with
attitude based methods (as applied in consumer
satisfaction/dissatisfaction research) of measuring
service quality. Attitude—based conceptualization would
argue for either an importance-weighted evaluation of
specific service attributes or even just an evaluation of
performance on specific service attributes.

The service quality models they examined were
(1) a performance measure, (2) a performance measure
weighted by importance, and (38) SERVQUAL weighted
by importance. Their analysis suggests that service
quality is an antecedent of customer satisfaction and
that satisfaction has a stronger influence than service
quality on purchase intentions. Further empirical scrutiny
(Parasuraman et al. 1988) resulted in a 22-item scale,
called SERVQUAL, which measures service quality
based on dimensions, tangibles, reliability,
responsiveness, assurance, and empathy. The entire
approach was based on the tenet that customers
entertain expectations of performances on the service
dimensions, observe performance and tater form
performances perceptions. The authors described
service quality as the degree of discrepancy between
customer’s normative expectations for the service and
their perceptions of the service performance. On the
other hand, Gronroos believed that service quality is
made up of three dimensions, that is the technical
quality of the outcome” the “functional quality of the
encounter” and the “airline corporate image”. Thus, it
has been suggested (i.e. Cuningham, et al. 2002) that
measuring service quality based only on the perceptions
of service performance would suffice, as in the so-called
the SERVQUAL model; namely, SQ=P.

© 2017 Global Journals Inc. (US)

This  paper will help aviation industry
practitioners to diagnose the needs and expectations of
passengers. It will also play a role in identifying their
present situation and future strategies for giving better
services to passengers and for better new markets both
at international and the domestic markets.

I[I. METHODOLOGY

Based on the measurement scale for service
quality, we further analyzed the differences in perceived
quality between Aero and Arik Airlines passengers.
Here, respondents were asked to separately evaluate
each service attribute, according to the gap between
their perceptions and expectations, using a five-point
Lickert scale: ‘Much better than Expected’ Better than
expected Equal to Expected’, Worse than Expected’ and
‘much worse than Expected. Five different scored were
assigned: 5, 4,3,2,1, to represent this five-point scale.

We used the one-sample t-test for our data
analysis. The one-sample t-test procedure tests whether
the mean of a single variable differs from a specified
constant. This test assumes that the data are normally
distributed; however, this test is robust to departures
from normality. The sample in my paper was more than
30 and biased. On “Central limit Theorem’ we were
allowed to presume the data are normally distributed
approximately. A 95% confidence interval for the
difference between the mean, and the hypothesized test
value was supposed. Satisfied passengers must have
received perceptions equal to or more than
expectations. So the hypothesized test value in our
paper is 3 and, it can split passengers into satisfied and
unsatisfied passengers and we can specify the null and
alternative hypotheses as below.

Null hypothesis H,:y = 3

Alternative hypothesis H,: y < 3

As noted earlier, we specify the level of
sampling error (0.05). The scores for each attributed are
tabulated. As shown in most of the items, there are
negative mean differences, and we cannot say that our
test value is in 95% confidence interval of the difference.
In another word, in most items, the null hypothesis can
be rejected because the calculated value is larger than
the critical value.

Cronbach’s was used as an examination
indicator to determine the reliability of the measurement
scale. The value of Cronbach’s alpha is required to be
over 0.7, and the calculated results were over 0.847 and
0.816 in Aero and Arik service quality variables
respectively. The figures were representing the output of
research survey, it was observed that the reliability of all
service quality attributes in the research sample
regarding Cronbach’s alpha, weremore than 0.7. It
means that the research measurement scale, applied in
this paper, was reliable.



Table 1: Reliability Statistics for Airlines Data

Cronbach's Alpha for Aero Cronbach's Alpha for Arik No. of lems
.847 .816 39
[11. RESULTS ASS 2, ASS 3, ASS 4, ASS 8, EMP 2, EMP 5, TEC1, TEC

a) Service Quality and Passengers’ Satisfaction for Arik
Airline

Prompt response of employees of the airline to
your request or complain” was much worse than
expected and it also has the least standard deviation
and shows most passengers agree that it is the first
worst attribute. It is a reliable airline “was much better
than expected and it was the first attribute. But in 15
items, the null hypothesis cannot be rejected, and it
shows that 95% percent confidence, passengers are
satisfied in some parts of the Arik airline performance.
They are TAN1, TAN 2, REL 3, RES 4, RES 5, ASS1,

3, and IMA 2. However, in most items, the null
hypothesis is rejected, and this means that the general
perception of travelers is that the performance service
quality of Arik Airline is worse than expected. The
comparison to 7 group items means (i.e., Tangibles,
Reliability, Responsiveness, Assurance, Empathy,
Technical and Image), the first attribute was “Technical”
and “Assurance” was the second. The others in
priorities were “Responsiveness,” “Tangible” “Empathy”
“Reliability’ and “Image.” So we can conclude that from
the passengers’ “image” items were the worst expected
and “Reliability” items following (see table 2).

»oo«

Table 2: Service Quality Group Items Means

Servg:reOSFt)Jallty Group itemmean for Arik Gr?#ga';em Rank for Arik | Rank for Arik
Tangibles 2.88 2.81 4" 5th
Reliability 2.71 2.66 6" 6th
Responsiveness 2.92 3.30 3 2nd
Assurance 3.11 3.11 2nd 4th
Empathy 2.74 2.21 50 7th
Technical 3.60 3.68 1 1st
Image 2.68 3.19 7" 3rd

b) Service Quality and Passengers Satisfaction for Aero  priorities  were “Image,” “Assurance,” “Tangible,”

Airline

‘Prompt respond of employees of the airline to
your request or complaint” was much worse than
expected and to also have the least standard deviation.
“Probability of flight breakdowns” was much better than
expected and it was at the first attribute. But in 17 items,
the null hypothesis cannot be rejected, and it shows that
96 percent confidence, passengers are satisfied in
some parts of aero airline performances. They are TAN
1, TAN 2, RES 4, RES 5, ASS1, ASS 2, ASS 3, ASS 4,
EMP 1, EMP 2, TEC 1, TEC 2, TEC 3, IMA 1, IMA 2, and
IMA 3, IMA 4. However in 22 items, the null hypothesis is
rejected and this means that the general perception of
travelers is that the performance service quality of Aero
Airline is worse than expected. The comparison to 7
group items means; the first attribute was “Technical”
and “Responsiveness” was the second. The others in

“Reliability and “Empathy”. So from the passengers
‘empathy” items were the worst expected and
“Reliability items following (see table 2).

c) Friedman Analysis of Service Quality Attributes of
Aero and Arik Airlines

Because the chi-square of 448.794 and 422.115
for Aero and Arik airlines respectively with 39 degree of
freedom are unlikely to have arisen by chance, the 100
passengers of the of each airline interviewed do not
have equal preference for their services. The asymptotic
significance is the approximate probability of obtaining a
chi-square statistics as extreme as 448.794 and 422.115
for Aero and Arik airlines respectively with 39 degrees of
freedom in repeated samples if the rankings of each
airline’s service quality attributes are not different.
Hence, this is satisfied between the airlines.

Table 3: Test Statistics For The Airlines

N

Chi-Square

Df

Asymp. Sig.

Aero Arik
100 100
448.794 422.115
39 39
.000 .000

© 2017 Global Journals Inc

(us)

Global ]()Lll‘l’]dl of Science Frontier Research (1) Volume XVII Issue II Version I E Year 2017



Global Journal of Science Frontier Research (1) Volume XVII Issue II Version I E Year 2017

Table 4: Ranks for Aero and Arik Airlines

Service Mean Rank Mean Rank
Attributes for Aero Remarks for Arik Remarks

TAN 1 22.14 22.75

TAN 2 21.90 23.65

TAN 3 14.51 Ranked highly among Tangibles 15.19 Ranked highly among Tangibles
TAN 4 16.60 19.26

TAN 5 18.55 17.96

REL 1 19.13 17.23 Ranked highly among Reliability
REL 2 17.00 17.70

REL 3 17.65 20.79

REL 4 14.88 Ranked highly among Reliability 17.25

REL5 16.72 17.60

REL 6 19.14 19.53

RES 1 18.57 20.08

RES 2 19.08 19.50

RES 3 19.25 19.31

RES 4 23.27 22.76

RES 5 24.44 24.23

RES 6 15.33 Ranked highly among Responsiveness 16.24 Ranked highly among Responsiveness
ASS 1 21.23 21.45

ASS 2 26.15 25.79

ASS 3 25.52 25.16

ASS 4 22.71 22.66

ASS 5 19.18 Ranked highly among Assurance 19.68

ASS 6 20.25 20.43

ASS 7 20.40 18.82 Ranked highly among Assurance
ASS 8 21.10 22.27

EMP 1 21.77 20.15

EMP 2 21.81 21.67

EMP 3 18.57 17.70

EMP 4 17.08 13.84 Ranked highly among Empathy
EMP 5 19.58 21.51

EMP 6 1717 19.02

EMP 7 1417 Ranked highly among Empathy 15.78

TEC1 23.36 Ranked highly among Technical 21.71 Ranked highly among Technical
TEC 2 33.91 32.76

TEC 3 23.51 23.10

IMA 1 21.98 15.13 Ranked highly among Image
IMA 2 23.37 22.80

IMA 3 23.03 19.73

IMA 4 21.78 Ranked highly among Image 19.32

In summary, from Friedman test analysis, the
following service attributes were highly rated among the

dimensions of service quality

© 2017 Global Journals Inc. (US)




Table 5: Comparison of Service Attribute Ratings

Service Quality | Highest Rating | Highest Rating

Group for Aero for Arik
Tangibles TAN 3 TAN 3
Reliability REL 4 REL 1
Responsiveness RES 6 RES 6
Assurance ASS 5 ASS 7
Empathy EMP 7 EMP 4
Technical TEC 1 TEC 1
Image IMA 4 IMA 1

The two airlines shared similar rankings in
tangibles, responsiveness and technical attributes
among their passengers.

V.

Managers should pay more attention to
reliability items and prepare short-term plan to create
critical changes. Probability, passengers, suffer most
from consistent courtesy to employees while it seems
they are satisfied most the probability of flight
breakdown. Also the second most important factor for
aero airline is Responsiveness items. Passengers show
more satisfaction in the prompt response of employees
of the aero airline to request or complaint. The third
feature in order of importance was Responsiveness
items that Image for the Aero airline. The
responsiveness items that exhibited the highest
satisfaction by passengers were the prompt response of
employees of the Arik airline to request or complaint.
However, the image item 3 (good reputation) received
the highest satisfaction to Aero airline passengers. The
fourth feature was tangible for Arik Airline and Assurance
for Aero Airlines. It appears that Arik airlines has a lot of
weak points in the tangibles that cause dissatisfied
passengers. Passengers of Aero airlines perceived half
their expectation in assurance items. The Aero airline
was not sincere and responsive to passenger complaint
about services which they paid for.

However, the Aero airlines should put it their
policies and promote it steadily to keep their customers
for a long time. The fifth feature was Empathy (caring,
individualized attention) for Arik airline and tangibles for
the Aero. So Arik airline should change their mind about
delivering services to customers. Warmth and
supportiveness in behaving with passengers can create
impressive results. Managers of Arik airline may want to
offer some services to their passengers in hiring cars
and reserving hotels. However, the Aero airline should
have verity ad quality in-flight meals, entertainment
facilities and visually appealing equipment. The sixth
feature was reliability for both airlines passengers
showed dissatisfied faction in almost all the reliability

DisCussION

factors except in the on-time performance of scheduled
flights in which Arik airline passengers were satisfied.

Hence, the airline should consider these factors
and try to improve and develop services dependably
and accurately. The last feature was Image for Arik
airline and Empathy for Aero airline. Passenger
contends that empathy has the least mean in Aero
performance. While image (the public perception about
Arik airline) has the critical effect on the perceived
services quality. Travelers did not make a good
judgment about the reputation and image, placed in
evaluating Arik performance.

V. CONCLUSION

The seven Dimension of Gronroos model has
been ranked in this case paper. 39 attributes have been
derived and found by interview and questionnaire. The
model was used for the airline industry in Nigeria. In
addition to 22 factors of SERVQUAL model, the image
and technical quality supplemented, and all factors
changed to cover aspects of these services of the
airlines. Arik and Aero chosen as our case studies.

Customer’s expectations and perceptions of
service quality in the two airlines were examined by
Gronroos model in this paper. The result can be used by
airline managers and other airlines managers to plan for
increasing their market share. Managers of both airlines
have identified passengers’ attitudes and opinions
about their provided services, andin result, they can
create modifications and strengthen their weak points to
increase satisfaction level among their consumers.

Also, other airlines’ managers can use these
results to measure and compare with their passengers’
satisfaction. But in 15 attributes out of 39 attributes, we
saw satisfaction of passengers for Arik Airline. Technical
quality in passengers’ view was the first choice as the
most important aspect and gained the highest mean in
Arik and Aero performance. It shows that the airlines
often instrumental in bringing about the desired
outcome. Pilot’s technical knowledge and skills is a
strong point for Arik and Aero Airlines. The second in
the most important factors for Arik Airline was Assurance
items (sincerity and patience in resolving passenger's
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problems, the probability of flight breakdown, the safety
performance of airline and knowledgeable,skillful
provision of services). However, Assurance items means
was second in position, it appears that Arik airline has
weak points in three Assurance items that cause
dissatisfied passengers.
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Appendix: Service Attributes Codes and Meaning

TAN1 Appearance, attitudes and uniforms of employees.

TAN2 In-flight modern and clean facilities.

TANS Variety and quality of in-flight meals.

TAN4 Variety and choices of in-flight entertainment facilities.

TANS5 Providing visually appealing equipment

REL1 Efficiency of the check-in process

REL2 Transfer service and efficiency at departure airport

REL3 On-time performance of scheduled flights.

REL4 Remedial procedures for delayed or missing baggage

RELS5 Providing ground / in-flight services consistently

REL6 Performing the services right the first time

RES1 Capable to response to emergency situations.

RES2 Prompt attention to passengers ‘specific needs.

RES3 Understanding the specific needs of passengers.

RES4 Keeping customers informed about when services will be performed

RES5 Prompt respond of employees of the airline to your request or complaint

RES6 Capacity to respond to cancelled or delayed flights.

ASS1 Sincerity and patience in resolving passengers ‘problems.

ASS2 Probability of flight breakdowns.

ASS3 Safety performance of airline.

ASS4 Knowledgeable and skillful provision of services.

ASS5 Sincere and responsive attitude to passenger complaints.

ASS 6 Employees instill confidence to passengers

ASS7 employees are consistently courteous

ASS8 Knowledgeable employees to answer customer question

EMP1 Numerous, easy-to-use ticketing channels.

EMP2 Convenient flight scheduling.

EMP3 Spontaneous care and concern for passengers‘needs.

EMP4 Frequent cabin service rounds by flight attendants.

EMP5 Having a sound loyalty programme to recognize you as a frequent customer

EMP5 Having a sound loyalty programme to recognize you as a frequent customer

EMP6 Having a sound mileage programme

EMP7 Having other travel related partners e.g. car rentals, hotels, and travel insurance

TECH1 It is successful to complete a travel

TEC2 Pilot has technological knowledge and skills

TEC3 It is a reliable company

IMA1 It is a successful company

|IMA2 It has a superior technology in its flight services

IMA3 It has a good reputation

IMA4 1t is sincere to the passengers
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Institutional Fellow of Global Journals Incorporation (USA)-OARS (USA)

Global Journals Incorporation (USA) is accredited by Open Association of Research
Society, U.S.A (OARS) and in turn, affiliates research institutions as “Institutional
Fellow of Open Association of Research Society” (IFOARS).
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(1) Choose corresponding Journal.
() Click ‘Submit Manuscript’. Fill required information and Upload the paper.
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PREFERRED AUTHOR GUIDELINES

MANUSCRIPT STYLE INSTRUCTION (Must be strictly followed)

Page Size: 8.27" X 11"

e Left Margin: 0.65

e  Right Margin: 0.65

e  Top Margin: 0.75

. Bottom Margin: 0.75

e  Font type of all text should be Swis 721 Lt BT.

e  Paper Title should be of Font Size 24 with one Column section.

e Author Name in Font Size of 11 with one column as of Title.

e  Abstract Font size of 9 Bold, “Abstract” word in Italic Bold.

e  Main Text: Font size 10 with justified two columns section

e  Two Column with Equal Column with of 3.38 and Gaping of .2

e  First Character must be three lines Drop capped.

e  Paragraph before Spacing of 1 pt and After of O pt.

e Line Spacing of 1 pt

e large Images must be in One Column

e Numbering of First Main Headings (Heading 1) must be in Roman Letters, Capital Letter, and Font Size of 10.
e Numbering of Second Main Headings (Heading 2) must be in Alphabets, Italic, and Font Size of 10.

You can use your own standard format also.
Author Guidelines:

1. General,

2. Ethical Guidelines,

3. Submission of Manuscripts,

4. Manuscript’s Category,

5. Structure and Format of Manuscript,
6. After Acceptance.

1. GENERAL

Before submitting your research paper, one is advised to go through the details as mentioned in following heads. It will be beneficial,
while peer reviewer justify your paper for publication.

Scope

The Global Journals Inc. (US) welcome the submission of original paper, review paper, survey article relevant to the all the streams of
Philosophy and knowledge. The Global Journals Inc. (US) is parental platform for Global Journal of Computer Science and Technology,
Researches in Engineering, Medical Research, Science Frontier Research, Human Social Science, Management, and Business organization.
The choice of specific field can be done otherwise as following in Abstracting and Indexing Page on this Website. As the all Global
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Journals Inc. (US) are being abstracted and indexed (in process) by most of the reputed organizations. Topics of only narrow interest will
not be accepted unless they have wider potential or consequences.

2. ETHICAL GUIDELINES
Authors should follow the ethical guidelines as mentioned below for publication of research paper and research activities.

Papers are accepted on strict understanding that the material in whole or in part has not been, nor is being, considered for publication
elsewhere. If the paper once accepted by Global Journals Inc. (US) and Editorial Board, will become the copyright of the Global Journals
Inc. (US).

Authorship: The authors and coauthors should have active contribution to conception design, analysis and interpretation of findings.
They should critically review the contents and drafting of the paper. All should approve the final version of the paper before
submission

The Global Journals Inc. (US) follows the definition of authorship set up by the Global Academy of Research and Development. According
to the Global Academy of R&D authorship, criteria must be based on:

1) Substantial contributions to conception and acquisition of data, analysis and interpretation of the findings.
2) Drafting the paper and revising it critically regarding important academic content.
3) Final approval of the version of the paper to be published.

All authors should have been credited according to their appropriate contribution in research activity and preparing paper. Contributors
who do not match the criteria as authors may be mentioned under Acknowledgement.

Acknowledgements: Contributors to the research other than authors credited should be mentioned under acknowledgement. The
specifications of the source of funding for the research if appropriate can be included. Suppliers of resources may be mentioned along
with address.

Appeal of Decision: The Editorial Board’s decision on publication of the paper is final and cannot be appealed elsewhere.

Permissions: It is the author's responsibility to have prior permission if all or parts of earlier published illustrations are used in this
paper.

Please mention proper reference and appropriate acknowledgements wherever expected.

If all or parts of previously published illustrations are used, permission must be taken from the copyright holder concerned. It is the
author's responsibility to take these in writing.

Approval for reproduction/modification of any information (including figures and tables) published elsewhere must be obtained by the
authors/copyright holders before submission of the manuscript. Contributors (Authors) are responsible for any copyright fee involved.

3. SUBMISSION OF MANUSCRIPTS

Manuscripts should be uploaded via this online submission page. The online submission is most efficient method for submission of
papers, as it enables rapid distribution of manuscripts and consequently speeds up the review procedure. It also enables authors to
know the status of their own manuscripts by emailing us. Complete instructions for submitting a paper is available below.

Manuscript submission is a systematic procedure and little preparation is required beyond having all parts of your manuscript in a given
format and a computer with an Internet connection and a Web browser. Full help and instructions are provided on-screen. As an author,
you will be prompted for login and manuscript details as Field of Paper and then to upload your manuscript file(s) according to the
instructions.
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To avoid postal delays, all transaction is preferred by e-mail. A finished manuscript submission is confirmed by e-mail immediately and
your paper enters the editorial process with no postal delays. When a conclusion is made about the publication of your paper by our
Editorial Board, revisions can be submitted online with the same procedure, with an occasion to view and respond to all comments.

Complete support for both authors and co-author is provided.

4. MANUSCRIPT’S CATEGORY

Based on potential and nature, the manuscript can be categorized under the following heads:
Original research paper: Such papers are reports of high-level significant original research work.
Review papers: These are concise, significant but helpful and decisive topics for young researchers.
Research articles: These are handled with small investigation and applications

Research letters: The letters are small and concise comments on previously published matters.

5.STRUCTURE AND FORMAT OF MANUSCRIPT

The recommended size of original research paper is less than seven thousand words, review papers fewer than seven thousands words
also.Preparation of research paper or how to write research paper, are major hurdle, while writing manuscript. The research articles and
research letters should be fewer than three thousand words, the structure original research paper; sometime review paper should be as
follows:

Papers: These are reports of significant research (typically less than 7000 words equivalent, including tables, figures, references), and
comprise:

(a)Title should be relevant and commensurate with the theme of the paper.

(b) A brief Summary, “Abstract” (less than 150 words) containing the major results and conclusions.

(c) Up to ten keywords, that precisely identifies the paper's subject, purpose, and focus.

(d) An Introduction, giving necessary background excluding subheadings; objectives must be clearly declared.

(e) Resources and techniques with sufficient complete experimental details (wherever possible by reference) to permit repetition;
sources of information must be given and numerical methods must be specified by reference, unless non-standard.

(f) Results should be presented concisely, by well-designed tables and/or figures; the same data may not be used in both; suitable
statistical data should be given. All data must be obtained with attention to numerical detail in the planning stage. As reproduced design
has been recognized to be important to experiments for a considerable time, the Editor has decided that any paper that appears not to
have adequate numerical treatments of the data will be returned un-refereed;

(g) Discussion should cover the implications and consequences, not just recapitulating the results; conclusions should be summarizing.
(h) Brief Acknowledgements.
(i) References in the proper form.

Authors should very cautiously consider the preparation of papers to ensure that they communicate efficiently. Papers are much more
likely to be accepted, if they are cautiously designed and laid out, contain few or no errors, are summarizing, and be conventional to the
approach and instructions. They will in addition, be published with much less delays than those that require much technical and editorial
correction.
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The Editorial Board reserves the right to make literary corrections and to make suggestions to improve briefness.
It is vital, that authors take care in submitting a manuscript that is written in simple language and adheres to published guidelines.
Format

Language: The language of publication is UK English. Authors, for whom English is a second language, must have their manuscript
efficiently edited by an English-speaking person before submission to make sure that, the English is of high excellence. It is preferable,
that manuscripts should be professionally edited.

Standard Usage, Abbreviations, and Units: Spelling and hyphenation should be conventional to The Concise Oxford English Dictionary.
Statistics and measurements should at all times be given in figures, e.g. 16 min, except for when the number begins a sentence. When
the number does not refer to a unit of measurement it should be spelt in full unless, it is 160 or greater.

Abbreviations supposed to be used carefully. The abbreviated name or expression is supposed to be cited in full at first usage, followed
by the conventional abbreviation in parentheses.

Metric SI units are supposed to generally be used excluding where they conflict with current practice or are confusing. For illustration,
1.4 | rather than 1.4 x 10-3 m3, or 4 mm somewhat than 4 x 10-3 m. Chemical formula and solutions must identify the form used, e.g.
anhydrous or hydrated, and the concentration must be in clearly defined units. Common species names should be followed by
underlines at the first mention. For following use the generic name should be constricted to a single letter, if it is clear.

Structure
All manuscripts submitted to Global Journals Inc. (US), ought to include:

Title: The title page must carry an instructive title that reflects the content, a running title (less than 45 characters together with spaces),
names of the authors and co-authors, and the place(s) wherever the work was carried out. The full postal address in addition with the e-
mail address of related author must be given. Up to eleven keywords or very brief phrases have to be given to help data retrieval, mining
and indexing.

Abstract, used in Original Papers and Reviews:
Optimizing Abstract for Search Engines

Many researchers searching for information online will use search engines such as Google, Yahoo or similar. By optimizing your paper for
search engines, you will amplify the chance of someone finding it. This in turn will make it more likely to be viewed and/or cited in a
further work. Global Journals Inc. (US) have compiled these guidelines to facilitate you to maximize the web-friendliness of the most
public part of your paper.

Key Words

A major linchpin in research work for the writing research paper is the keyword search, which one will employ to find both library and
Internet resources.

One must be persistent and creative in using keywords. An effective keyword search requires a strategy and planning a list of possible
keywords and phrases to try.

Search engines for most searches, use Boolean searching, which is somewhat different from Internet searches. The Boolean search uses
"operators," words (and, or, not, and near) that enable you to expand or narrow your affords. Tips for research paper while preparing

research paper are very helpful guideline of research paper.

Choice of key words is first tool of tips to write research paper. Research paper writing is an art.A few tips for deciding as strategically as
possible about keyword search:
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e One should start brainstorming lists of possible keywords before even begin searching. Think about the most
important concepts related to research work. Ask, "What words would a source have to include to be truly
valuable in research paper?" Then consider synonyms for the important words.

e It may take the discovery of only one relevant paper to let steer in the right keyword direction because in most
databases, the keywords under which a research paper is abstracted are listed with the paper.

e One should avoid outdated words.

Keywords are the key that opens a door to research work sources. Keyword searching is an art in which researcher's skills are
bound to improve with experience and time.

Numerical Methods: Numerical methods used should be clear and, where appropriate, supported by references.
Acknowledgements: Please make these as concise as possible.

References

References follow the Harvard scheme of referencing. References in the text should cite the authors' names followed by the time of their
publication, unless there are three or more authors when simply the first author's name is quoted followed by et al. unpublished work
has to only be cited where necessary, and only in the text. Copies of references in press in other journals have to be supplied with
submitted typescripts. It is necessary that all citations and references be carefully checked before submission, as mistakes or omissions
will cause delays.

References to information on the World Wide Web can be given, but only if the information is available without charge to readers on an
official site. Wikipedia and Similar websites are not allowed where anyone can change the information. Authors will be asked to make
available electronic copies of the cited information for inclusion on the Global Journals Inc. (US) homepage at the judgment of the
Editorial Board.

The Editorial Board and Global Journals Inc. (US) recommend that, citation of online-published papers and other material should be done
via a DOI (digital object identifier). If an author cites anything, which does not have a DOI, they run the risk of the cited material not
being noticeable.

The Editorial Board and Global Journals Inc. (US) recommend the use of a tool such as Reference Manager for reference management
and formatting.

Tables, Figures and Figure Legends

Tables: Tables should be few in number, cautiously designed, uncrowned, and include only essential data. Each must have an Arabic
number, e.g. Table 4, a self-explanatory caption and be on a separate sheet. Vertical lines should not be used.

Figures: Figures are supposed to be submitted as separate files. Always take in a citation in the text for each figure using Arabic numbers,
e.g. Fig. 4. Artwork must be submitted online in electronic form by e-mailing them.

Preparation of Electronic Figures for Publication

Even though low quality images are sufficient for review purposes, print publication requires high quality images to prevent the final
product being blurred or fuzzy. Submit (or e-mail) EPS (line art) or TIFF (halftone/photographs) files only. MS PowerPoint and Word
Graphics are unsuitable for printed pictures. Do not use pixel-oriented software. Scans (TIFF only) should have a resolution of at least 350
dpi (halftone) or 700 to 1100 dpi (line drawings) in relation to the imitation size. Please give the data for figures in black and white or
submit a Color Work Agreement Form. EPS files must be saved with fonts embedded (and with a TIFF preview, if possible).

For scanned images, the scanning resolution (at final image size) ought to be as follows to ensure good reproduction: line art: >650 dpi;
halftones (including gel photographs) : >350 dpi; figures containing both halftone and line images: >650 dpi.
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Color Charges: It is the rule of the Global Journals Inc. (US) for authors to pay the full cost for the reproduction of their color artwork.
Hence, please note that, if there is color artwork in your manuscript when it is accepted for publication, we would require you to
complete and return a color work agreement form before your paper can be published.

Figure Legends: Self-explanatory legends of all figures should be incorporated separately under the heading 'Legends to Figures'. In the
full-text online edition of the journal, figure legends may possibly be truncated in abbreviated links to the full screen version. Therefore,
the first 100 characters of any legend should notify the reader, about the key aspects of the figure.

6. AFTER ACCEPTANCE

Upon approval of a paper for publication, the manuscript will be forwarded to the dean, who is responsible for the publication of the
Global Journals Inc. (US).

6.1 Proof Corrections

The corresponding author will receive an e-mail alert containing a link to a website or will be attached. A working e-mail address must
therefore be provided for the related author.

Acrobat Reader will be required in order to read this file. This software can be downloaded
(Free of charge) from the following website:

www.adobe.com/products/acrobat/readstep2.html. This will facilitate the file to be opened, read on screen, and printed out in order for
any corrections to be added. Further instructions will be sent with the proof.

Proofs must be returned to the dean at dean@globaljournals.org within three days of receipt.

As changes to proofs are costly, we inquire that you only correct typesetting errors. All illustrations are retained by the publisher. Please
note that the authors are responsible for all statements made in their work, including changes made by the copy editor.

6.2 Early View of Global Journals Inc. (US) (Publication Prior to Print)

The Global Journals Inc. (US) are enclosed by our publishing's Early View service. Early View articles are complete full-text articles sent in
advance of their publication. Early View articles are absolute and final. They have been completely reviewed, revised and edited for
publication, and the authors' final corrections have been incorporated. Because they are in final form, no changes can be made after
sending them. The nature of Early View articles means that they do not yet have volume, issue or page numbers, so Early View articles
cannot be cited in the conventional way.

6.3 Author Services

Online production tracking is available for your article through Author Services. Author Services enables authors to track their article -
once it has been accepted - through the production process to publication online and in print. Authors can check the status of their
articles online and choose to receive automated e-mails at key stages of production. The authors will receive an e-mail with a unique link
that enables them to register and have their article automatically added to the system. Please ensure that a complete e-mail address is
provided when submitting the manuscript.

6.4 Author Material Archive Policy

Please note that if not specifically requested, publisher will dispose off hardcopy & electronic information submitted, after the two
months of publication. If you require the return of any information submitted, please inform the Editorial Board or dean as soon as
possible.

6.5 Offprint and Extra Copies

A PDF offprint of the online-published article will be provided free of charge to the related author, and may be distributed according to
the Publisher's terms and conditions. Additional paper offprint may be ordered by emailing us at: editor@globaljournals.org .
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Before start writing a good quality Computer Science Research Paper, let us first understand what is Computer Science Research Paper?
So, Computer Science Research Paper is the paper which is written by professionals or scientists who are associated to Computer Science
and Information Technology, or doing research study in these areas. If you are novel to this field then you can consult about this field
from your supervisor or guide.

TECHNIQUES FOR WRITING A GOOD QUALITY RESEARCH PAPER:

1. Choosing the topic: In most cases, the topic is searched by the interest of author but it can be also suggested by the guides. You can
have several topics and then you can judge that in which topic or subject you are finding yourself most comfortable. This can be done by
asking several questions to yourself, like Will | be able to carry our search in this area? Will | find all necessary recourses to accomplish
the search? Will | be able to find all information in this field area? If the answer of these types of questions will be "Yes" then you can
choose that topic. In most of the cases, you may have to conduct the surveys and have to visit several places because this field is related
to Computer Science and Information Technology. Also, you may have to do a lot of work to find all rise and falls regarding the various
data of that subject. Sometimes, detailed information plays a vital role, instead of short information.

2. Evaluators are human: First thing to remember that evaluators are also human being. They are not only meant for rejecting a paper.
They are here to evaluate your paper. So, present your Best.

3. Think Like Evaluators: If you are in a confusion or getting demotivated that your paper will be accepted by evaluators or not, then
think and try to evaluate your paper like an Evaluator. Try to understand that what an evaluator wants in your research paper and
automatically you will have your answer.

4. Make blueprints of paper: The outline is the plan or framework that will help you to arrange your thoughts. It will make your paper
logical. But remember that all points of your outline must be related to the topic you have chosen.

5. Ask your Guides: If you are having any difficulty in your research, then do not hesitate to share your difficulty to your guide (if you
have any). They will surely help you out and resolve your doubts. If you can't clarify what exactly you require for your work then ask the
supervisor to help you with the alternative. He might also provide you the list of essential readings.

6. Use of computer is recommended: As you are doing research in the field of Computer Science, then this point is quite obvious.
7. Use right software: Always use good quality software packages. If you are not capable to judge good software then you can lose

quality of your paper unknowingly. There are various software programs available to help you, which you can get through Internet.

8. Use the Internet for help: An excellent start for your paper can be by using the Google. It is an excellent search engine, where you can
have your doubts resolved. You may also read some answers for the frequent question how to write my research paper or find model
research paper. From the internet library you can download books. If you have all required books make important reading selecting and
analyzing the specified information. Then put together research paper sketch out.

9. Use and get big pictures: Always use encyclopedias, Wikipedia to get pictures so that you can go into the depth.

10. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right! It is a good habit, which helps to
not to lose your continuity. You should always use bookmarks while searching on Internet also, which will make your search easier.

11. Revise what you wrote: When you write anything, always read it, summarize it and then finalize it.
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12. Make all efforts: Make all efforts to mention what you are going to write in your paper. That means always have a good start. Try to
mention everything in introduction, that what is the need of a particular research paper. Polish your work by good skill of writing and
always give an evaluator, what he wants.

13. Have backups: When you are going to do any important thing like making research paper, you should always have backup copies of it
either in your computer or in paper. This will help you to not to lose any of your important.

14. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality. Using several
and unnecessary diagrams will degrade the quality of your paper by creating "hotchpotch." So always, try to make and include those
diagrams, which are made by your own to improve readability and understandability of your paper.

15. Use of direct quotes: When you do research relevant to literature, history or current affairs then use of quotes become essential but
if study is relevant to science then use of quotes is not preferable.

16. Use proper verb tense: Use proper verb tenses in your paper. Use past tense, to present those events that happened. Use present
tense to indicate events that are going on. Use future tense to indicate future happening events. Use of improper and wrong tenses will
confuse the evaluator. Avoid the sentences that are incomplete.

17. Never use online paper: If you are getting any paper on Internet, then never use it as your research paper because it might be
possible that evaluator has already seen it or maybe it is outdated version.

18. Pick a good study spot: To do your research studies always try to pick a spot, which is quiet. Every spot is not for studies. Spot that
suits you choose it and proceed further.

19. Know what you know: Always try to know, what you know by making objectives. Else, you will be confused and cannot achieve your
target.

20. Use good quality grammar: Always use a good quality grammar and use words that will throw positive impact on evaluator. Use of
good quality grammar does not mean to use tough words, that for each word the evaluator has to go through dictionary. Do not start
sentence with a conjunction. Do not fragment sentences. Eliminate one-word sentences. Ignore passive voice. Do not ever use a big
word when a diminutive one would suffice. Verbs have to be in agreement with their subjects. Prepositions are not expressions to finish
sentences with. It is incorrect to ever divide an infinitive. Avoid clichés like the disease. Also, always shun irritating alliteration. Use
language that is simple and straight forward. put together a neat summary.

21. Arrangement of information: Each section of the main body should start with an opening sentence and there should be a
changeover at the end of the section. Give only valid and powerful arguments to your topic. You may also maintain your arguments with

records.

22. Never start in last minute: Always start at right time and give enough time to research work. Leaving everything to the last minute
will degrade your paper and spoil your work.

23. Multitasking in research is not good: Doing several things at the same time proves bad habit in case of research activity. Research is
an area, where everything has a particular time slot. Divide your research work in parts and do particular part in particular time slot.

24. Never copy others' work: Never copy others' work and give it your name because if evaluator has seen it anywhere you will be in
trouble.

25. Take proper rest and food: No matter how many hours you spend for your research activity, if you are not taking care of your health
then all your efforts will be in vain. For a quality research, study is must, and this can be done by taking proper rest and food.

26. Go for seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources.
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27. Refresh your mind after intervals: Try to give rest to your mind by listening to soft music or by sleeping in intervals. This will also
improve your memory.

28. Make colleagues: Always try to make colleagues. No matter how sharper or intelligent you are, if you make colleagues you can have
several ideas, which will be helpful for your research.

29.Think technically: Always think technically. If anything happens, then search its reasons, its benefits, and demerits.

30. Think and then print: When you will go to print your paper, notice that tables are not be split, headings are not detached from their
descriptions, and page sequence is maintained.

31. Adding unnecessary information: Do not add unnecessary information, like, | have used MS Excel to draw graph. Do not add
irrelevant and inappropriate material. These all will create superfluous. Foreign terminology and phrases are not apropos. One should
NEVER take a broad view. Analogy in script is like feathers on a snake. Not at all use a large word when a very small one would be
sufficient. Use words properly, regardless of how others use them. Remove quotations. Puns are for kids, not grunt readers.
Amplification is a billion times of inferior quality than sarcasm.

32. Never oversimplify everything: To add material in your research paper, never go for oversimplification. This will definitely irritate the
evaluator. Be more or less specific. Also too, by no means, ever use rhythmic redundancies. Contractions aren't essential and shouldn't
be there used. Comparisons are as terrible as clichés. Give up ampersands and abbreviations, and so on. Remove commas, that are, not
necessary. Parenthetical words however should be together with this in commas. Understatement is all the time the complete best way
to put onward earth-shaking thoughts. Give a detailed literary review.

33. Report concluded results: Use concluded results. From raw data, filter the results and then conclude your studies based on
measurements and observations taken. Significant figures and appropriate number of decimal places should be used. Parenthetical
remarks are prohibitive. Proofread carefully at final stage. In the end give outline to your arguments. Spot out perspectives of further
study of this subject. Justify your conclusion by at the bottom of them with sufficient justifications and examples.

34. After conclusion: Once you have concluded your research, the next most important step is to present your findings. Presentation is
extremely important as it is the definite medium though which your research is going to be in print to the rest of the crowd. Care should
be taken to categorize your thoughts well and present them in a logical and neat manner. A good quality research paper format is
essential because it serves to highlight your research paper and bring to light all necessary aspects in your research.

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING

Key points to remember:

®  Submit all work in its final form.
®  Write your paper in the form, which is presented in the guidelines using the template.
®  Please note the criterion for grading the final paper by peer-reviewers.

Final Points:

A purpose of organizing a research paper is to let people to interpret your effort selectively. The journal requires the following sections,
submitted in the order listed, each section to start on a new page.

The introduction will be compiled from reference matter and will reflect the design processes or outline of basis that direct you to make
study. As you will carry out the process of study, the method and process section will be constructed as like that. The result segment will
show related statistics in nearly sequential order and will direct the reviewers next to the similar intellectual paths throughout the data
that you took to carry out your study. The discussion section will provide understanding of the data and projections as to the implication
of the results. The use of good quality references all through the paper will give the effort trustworthiness by representing an alertness
of prior workings.
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Writing a research paper is not an easy job no matter how trouble-free the actual research or concept. Practice, excellent preparation,
and controlled record keeping are the only means to make straightforward the progression.

General style:

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general guidelines.

To make a paper clear

- Adhere to recommended page limits
Mistakes to evade

e |[nsertion a title at the foot of a page with the subsequent text on the next page
e  Separating a table/chart or figure - impound each figure/table to a single page
e  Submitting a manuscript with pages out of sequence

In every sections of your document
- Use standard writing style including articles ("a", "the," etc.)

- Keep on paying attention on the research topic of the paper

- Use paragraphs to split each significant point (excluding for the abstract)

- Align the primary line of each section

- Present your points in sound order

- Use present tense to report well accepted

- Use past tense to describe specific results

- Shun familiar wording, don't address the reviewer directly, and don't use slang, slang language, or superlatives
- Shun use of extra pictures - include only those figures essential to presenting results

Title Page:

Choose a revealing title. It should be short. It should not have non-standard acronyms or abbreviations. It should not exceed two printed
lines. It should include the name(s) and address (es) of all authors.
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Abstract:

The summary should be two hundred words or less. It should briefly and clearly explain the key findings reported in the manuscript--
must have precise statistics. It should not have abnormal acronyms or abbreviations. It should be logical in itself. Shun citing references
at this point.

An abstract is a brief distinct paragraph summary of finished work or work in development. In a minute or less a reviewer can be taught
the foundation behind the study, common approach to the problem, relevant results, and significant conclusions or new questions.

Write your summary when your paper is completed because how can you write the summary of anything which is not yet written?
Wealth of terminology is very essential in abstract. Yet, use comprehensive sentences and do not let go readability for briefness. You can
maintain it succinct by phrasing sentences so that they provide more than lone rationale. The author can at this moment go straight to
shortening the outcome. Sum up the study, with the subsequent elements in any summary. Try to maintain the initial two items to no
more than one ruling each.

®  Reason of the study - theory, overall issue, purpose

®  Fundamental goal

®  To the point depiction of the research

® Consequences, including definite statistics - if the consequences are quantitative in nature, account quantitative data; results
of any numerical analysis should be reported

e  Significant conclusions or questions that track from the research(es)

Approach:
®  Single section, and succinct
®  Asaoutline of job done, it is always written in past tense
® A conceptual should situate on its own, and not submit to any other part of the paper such as a form or table
®  Center on shortening results - bound background information to a verdict or two, if completely necessary
¢  What you account in an conceptual must be regular with what you reported in the manuscript

Exact spelling, clearness of sentences and phrases, and appropriate reporting of quantities (proper units, important statistics)
are just as significant in an abstract as they are anywhere else

Introduction:

The Introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background information to be
capable to comprehend and calculate the purpose of your study without having to submit to other works. The basis for the study should
be offered. Give most important references but shun difficult to make a comprehensive appraisal of the topic. In the introduction,
describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the reviewer will have no attention in your
result. Speak in common terms about techniques used to explain the problem, if needed, but do not present any particulars about the
protocols here. Following approach can create a valuable beginning:

e  Explain the value (significance) of the study

®  Shield the model - why did you employ this particular system or method? What is its compensation? You strength remark on its
appropriateness from a abstract point of vision as well as point out sensible reasons for using it.

®  Present a justification. Status your particular theory (es) or aim(s), and describe the logic that led you to choose them.

e Very for a short time explain the tentative propose and how it skilled the declared objectives.

Approach:

e  Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job is
done.

®  Sort out your thoughts; manufacture one key point with every section. If you make the four points listed above, you will need a
least of four paragraphs.
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®  Present surroundings information only as desirable in order hold up a situation. The reviewer does not desire to read the
whole thing you know about a topic.

e  Shape the theory/purpose specifically - do not take a broad view.

®  Asalways, give awareness to spelling, simplicity and correctness of sentences and phrases.

Procedures (Methods and Materials):

This part is supposed to be the easiest to carve if you have good skills. A sound written Procedures segment allows a capable scientist to
replacement your results. Present precise information about your supplies. The suppliers and clarity of reagents can be helpful bits of
information. Present methods in sequential order but linked methodologies can be grouped as a segment. Be concise when relating the
protocols. Attempt for the least amount of information that would permit another capable scientist to spare your outcome but be
cautious that vital information is integrated. The use of subheadings is suggested and ought to be synchronized with the results section.
When a technique is used that has been well described in another object, mention the specific item describing a way but draw the basic
principle while stating the situation. The purpose is to text all particular resources and broad procedures, so that another person may
use some or all of the methods in one more study or referee the scientific value of your work. It is not to be a step by step report of the
whole thing you did, nor is a methods section a set of orders.

Materials:

®  Explain materials individually only if the study is so complex that it saves liberty this way.
®  Embrace particular materials, and any tools or provisions that are not frequently found in laboratories.
® Do not take in frequently found.

e |[f use of a definite type of tools.
®  Materials may be reported in a part section or else they may be recognized along with your measures.
Methods:

®  Report the method (not particulars of each process that engaged the same methodology)

®  Describe the method entirely

®  To be succinct, present methods under headings dedicated to specific dealings or groups of measures

e  Simplify - details how procedures were completed not how they were exclusively performed on a particular day.

e If well known procedures were used, account the procedure by name, possibly with reference, and that's all.
Approach:

e |t is embarrassed or not possible to use vigorous voice when documenting methods with no using first person, which would
focus the reviewer's interest on the researcher rather than the job. As a result when script up the methods most authors use
third person passive voice.

e  Use standard style in this and in every other part of the paper - avoid familiar lists, and use full sentences.

What to keep away from

®  Resources and methods are not a set of information.
®  Skip all descriptive information and surroundings - save it for the argument.
®  leave out information that is immaterial to a third party.

Results:

The principle of a results segment is to present and demonstrate your conclusion. Create this part a entirely objective details of the
outcome, and save all understanding for the discussion.

The page length of this segment is set by the sum and types of data to be reported. Carry on to be to the point, by means of statistics and
tables, if suitable, to present consequences most efficiently.You must obviously differentiate material that would usually be incorporated

in a study editorial from any unprocessed data or additional appendix matter that would not be available. In fact, such matter should not
be submitted at all except requested by the instructor.
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Content

Sum up your conclusion in text and demonstrate them, if suitable, with figures and tables.
In manuscript, explain each of your consequences, point the reader to remarks that are most appropriate.
Present a background, such as by describing the question that was addressed by creation an exacting study.
Explain results of control experiments and comprise remarks that are not accessible in a prescribed figure or table, if
appropriate.

®  Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or in manuscript form.
What to stay away from

® Do not discuss or infer your outcome, report surroundings information, or try to explain anything.
L] Not at all, take in raw data or intermediate calculations in a research manuscript.

® Do not present the similar data more than once.
®  Manuscript should complement any figures or tables, not duplicate the identical information.

®  Never confuse figures with tables - there is a difference.
Approach

e Asforever, use past tense when you submit to your results, and put the whole thing in a reasonable order.
e Put figures and tables, appropriately numbered, in order at the end of the report

¢ |f you desire, you may place your figures and tables properly within the text of your results part.
Figures and tables

e |f you put figures and tables at the end of the details, make certain that they are visibly distinguished from any attach appendix
materials, such as raw facts

®  Despite of position, each figure must be numbered one after the other and complete with subtitle
®  |n spite of position, each table must be titled, numbered one after the other and complete with heading

e  Allfigure and table must be adequately complete that it could situate on its own, divide from text
Discussion:

The Discussion is expected the trickiest segment to write and describe. A lot of papers submitted for journal are discarded based on
problems with the Discussion. There is no head of state for how long a argument should be. Position your understanding of the outcome
visibly to lead the reviewer through your conclusions, and then finish the paper with a summing up of the implication of the study. The
purpose here is to offer an understanding of your results and hold up for all of your conclusions, using facts from your research and
generally  accepted information, if  suitable.  The implication of  result  should be  visibly  described.
Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact you must explain mechanisms
that may account for the observation. If your results vary from your prospect, make clear why that may have happened. If your results
agree, then explain the theory that the proof supported. It is never suitable to just state that the data approved with prospect, and let it
drop at that.

®  Make a decision if each premise is supported, discarded, or if you cannot make a conclusion with assurance. Do not just dismiss
a study or part of a study as "uncertain."

®  Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results that
you have, and take care of the study as a finished work

®  You may propose future guidelines, such as how the experiment might be personalized to accomplish a new idea.

®  Give details all of your remarks as much as possible, focus on mechanisms.

®  Make a decision if the tentative design sufficiently addressed the theory, and whether or not it was correctly restricted.
®  Tryto present substitute explanations if sensible alternatives be present.

®  One research will not counter an overall question, so maintain the large picture in mind, where do you go next? The best
studies unlock new avenues of study. What questions remain?

e  Recommendations for detailed papers will offer supplementary suggestions.
Approach:

®  When you refer to information, differentiate data generated by your own studies from available information
®  Submit to work done by specific persons (including you) in past tense.
= Submit to generally acknowledged facts and main beliefs in present tense.
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THE ADMINISTRATION RULES

Please carefully note down following rules and regulation before submitting your Research Paper to Global Journals Inc. (US):

Segment Draft and Final Research Paper: You have to strictly follow the template of research paper. If it is not done your paper may get

rejected.

. The major constraint is that you must independently make all content, tables, graphs, and facts that are offered in the paper.
You must write each part of the paper wholly on your own. The Peer-reviewers need to identify your own perceptive of the
concepts in your own terms. NEVER extract straight from any foundation, and never rephrase someone else's analysis.

e Do not give permission to anyone else to "PROOFREAD" your manuscript.

®  Methods to avoid Plagiarism is applied by us on every paper, if found guilty, you will be blacklisted by all of our collaborated
research groups, your institution will be informed for this and strict legal actions will be taken immediately.)
®  To guard yourself and others from possible illegal use please do not permit anyone right to use to your paper and files.
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Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading
solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after

CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS INC. (US)

decision of Paper. This report will be the property of Global Journals Inc. (US).

Topics

Abstract

Introduction

Methods
Procedures

Result

Discussion

References

XXIII

Grades

Clear and concise with
appropriate content, Correct

format. 200 words or below

Containing all background
details with clear goal and
appropriate  details, flow
specification, no grammar
and spelling mistake, well
organized sentence and

paragraph, reference cited

Clear and to the point with
well arranged paragraph,
precision and accuracy of
facts and figures, well

organized subheads

Well organized, Clear and
specific, Correct units with
precision, correct data, well
structuring of paragraph, no
grammar and spelling
mistake

Well organized, meaningful
specification, sound
conclusion, logical and
concise explanation, highly

structured paragraph
reference cited
Complete and correct

format, well organized

Unclear summary and no
specific data, Incorrect form

Above 200 words

Unclear and confusing data,
appropriate format, grammar
and spelling errors with
unorganized matter

Difficult to comprehend with
embarrassed text, too much
explanation but completed

Complete and embarrassed
text, difficult to comprehend

Wordy, unclear conclusion,
spurious

Beside the point, Incomplete

E-F

No specific data with ambiguous
information

Above 250 words

Out of place depth and content,
hazy format

Incorrect  and unorganized

structure with hazy meaning

Irregular format with wrong facts
and figures

Conclusion is not  cited,
unorganized, difficult to

comprehend

Wrong format and structuring
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