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Mathematical Model of Fluid Flow in Rocket Fuel System
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Abstract- The article reviews mathematical model of liquid flow in metering system of fuel tank of
rocket. The control system contains one horizontal and two vertical channels. Vertical channel
has sensors for fixing free surface level of fluid in the channel. When the level of fuel reaches the
sensor, it is activated, and the signal comes to the control system. As a result, fuel consumption
is changing. Fuel level in the tank is determined on the basis of the fuel level in the channel. It is
known that in the course of fuel consumption, surface free levels in the channel and in the tank
do not match. The task is described by unsteady-state equation of motion. Viscous
incompressible liquid model is used. The solution of the differential equation was performed
numerically. Measurement error of liquid level in the fuel tank has been determined. The study
proposes engineering solution to avoid the measurement error.
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Mathematical Model of Fluid Flow in Rocket Fuel
System

N.I. Klyuev

Abstract- The article reviews mathematical model of liquid flow
in metering system of fuel tank of rocket. The control system
contains one horizontal and two vertical channels. Vertical
channel has sensors for fixing free surface level of fluid in the
channel. When the level of fuel reaches the sensor, it is
activated, and the signal comes to the control system. As a
result, fuel consumption is changing. Fuel level in the tank is
determined on the basis of the fuel level in the channel. It is
known that in the course of fuel consumption, surface free
levels in the channel and in the tank do not match. The task is
described by unsteady-state equation of motion. Viscous
incompressible liquid model is used. The solution of the
differential equation was performed numerically. Measurement
error of liquid level in the fuel tank has been determined. The
study proposes engineering solution to avoid the
measurement error.

Keywords: liquid, flow, level, channel, oscillations, error.
[.  INTRODUCTION

he problem of mathematical simulation of fluid flow
Tin the fuel consumption control system is reviewed.

In the course of the rocket travel the fuel from the
oxidizer tank and fuel tank enters to the rocket
combustion chamber. Synchronous fuel entry provides
efficient operation. In real conditions this requirement is
violated due to various reasons [1], resulting in
inefficient fuel consumption. Residual fuel should have a
minimum volume. Accomplishment of this objective
depends on accurate measurement of fuel level in the
tank. The problem is non-stationary, and is described by
parabolic equation of motion. Solution of unsteady-state
equation of motion for one-dimensional problem was
found by a number of researchers.

Solutions reviewed in [2, 3] may be considered
as classical. Paper [2] investigates laminar flow
development from the rest state, work [3] reviews the
pulsating flow. In [4] calculation results are compared
with  experimental records. Operational calculus
methods are used to resolve parabolic equations in [2-
4]. Research paper [5] presents oscillatory flow
mathematical model. The solution is obtained using
numerical method, obtained results are compared with
experimental data. The authors [6] review non-
Newtonian fluid throbbing stream in cylindrical channel

Author: Department of Mechanics, Samara State Technical University,
Russian Federation. e-mail: nikolay klyuev@mail.ru

with immediate valve closing. Method of Runge-Kutta
was used to resolve the motion equation. Paper [7]
contains the results of incompressible liquid flow in
micro-tube at pressure jump research. The problem
solution was obtained analytically, using Laplace
transformation, and numerically, using Boltzmann
method. Stationary flows and pulsating streams in
slightly bent tube for a wide range of Reynolds numbers
are reviewed in [8]. Numeric methods were used to
resolve the problem.

Work [9] presents pulsed incompressible flow
through the pipeline. The flow is generated by periodical
pressure gradient. The results show good compliance
between analytical and numerical solutions. The study
[10] represents method of characteristics for fluctuating
streams simulation in the pipeline. It provides
convergence estimate and method accuracy. Article
[11] contains analysis of dynamical interference
between the pipe and non-stationary flow on the basis
of experiments and numerical models. Method of
characteristics for determination of one-dimensional
model of fluctuating fluid stream in the pipeline is used
in [12]. Paper [13] provides experimental study of
characteristics of non-stationary oscillatory flow in
cylindrical channel. Obtained results comparison with
known experimental results confirms good compliance.
Work [14] reviews incompressible liquid non-steady
laminar flow in expanding (convergent) channel with
porous walls. Analytical solutions are compared with
numerical solutions. In [15] the authors study non-
stationary fluctuation problems related to non-viscous
and low viscosity fluid in extensive network.

[I. PHYSICAL STATEMENT OF THE PROBLEM

Liquid level metering system is provided in the
tank to control propellant consumption. For this
purpose, vertical cylindrical channel, with fuel surface
level indicators, is installed in the tank. Due to tank
design features, the vertical channel may not match the
tank centre line. Besides, short-period oscillations may
occur at liquid free surface. In order that liquid level in
the vertical channel reflects the liquid level in the tank,
the metering system is supplemented by two horizontal
channels located at the tank bottom. Horizontal
channels outlets are located at one tank diameter.
Horizontal channels overall length may exceed the tank
diameter (Fig.1).

© 2017 Global Journals Inc. (US)
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Figure 1. Second diagram of a fuel tank. 1- tank, 2- fuel, 3- measurement vertical channel, 4- horizontal channels,
Pg - gas pressure, f; - liquid level in the channel, H - liquid level in the tank, X - coordinate axis

In case of fuel level reduction in the tank, the
fuel level in the vertical channel is also reduced. When
the propellant level in the channel reaches the indicator,
the indicator is activated. The signal comes to the fuel
consumption control system. As a result, fuel
consumption may by changing. Thus, fuel level in the
tank is determined on the basis of the fuel level in the
channel. The channel and the propellant tank are
communicating vessels. The problem is that in case of
fuel consumption free surface levels in the channel and
in the tank do not match. The error in the fuel level
measurement results to inefficient fuel consumption. As
a result, rocket motor is operated not with the optimum
performance, and "excessive" fuel volume is left in the
tanks.

At the initial moment the tank and the channel

are filled with the fuel with level Hg. Free upper end of
the cylindrical channel is above the fuel level in the tank,
therefore the fuel overflow from the tank to the channel
at this point is excluded. Fuel is free communicating
between the tank and the channel. Constant pressure
Po is maintained above free fuel surface in the tank
and in the channel. From the time point t > 0 fuel is
taken from the tank, so that the liquid level in it is
reduced in linear fashionH(t)=H,-V,t, where V, -

fuel level depression rate in the tank. Therefore, liquid
level in the channel is changing.

du  p(98+0,07t)H, —V,t

[1I.  MATHEMATICAL MODEL OF LiQuUID
FLow

The equation of viscous incompressible liquid
non-steady motion in horizontal cylindrical channel is

used as the flow model
praf du (1)
rdr\ dr

u__1op
o pox
where U=(I‘,t) - liquid velocity in the horizontal
channel, P- pressure, vV -
kinematic viscosity.

Find approximate solution of equation (1). Enter
average channel section longitudinal flow velocity -

p- density, t- time,

2 R
<u >z¥.[rudr. Multiply left and right sections of
0

equation (1) by r and integrate each additive component
from 0 to R, where R - horizontal channel radius.
Taking into account, that in the process motion the

dt F;

where A - friction coefficient, £ - horizontal channel
length, &(t) — liquid level in a vertical channel.

Using volumetric flow rate conservation law, we
2u(t)R?
Ry

write down: u, (t) =

, where R; - vertical channel

radius. Then

© 2017 Global Journals Inc. (US)

acceleration of rocket increases in linear fashion
(g =98+0,07t), we obtain equation (the oblique
brackets are omitted in the following).
—&() Au’
— , t=0,u=0,¢=H,, )
4R £=Ho
2R2 t
E(t) =Ho——5-[u(®)adt, )
Rl 0

and the problem will be determined by system of
equations (2) and (3).

As a result, we obtain Cauchy problem. For
numerical solution of set problem, formulate system of



equations (2), (3) as standard form. For that purpose
take derivative with time from equation (3)

dé  2R%
=T 52 (4)
dt R;

Now the problem will be determined by the system (2)
and (4).
IV. NUMERICAL SOLUTION AND RESULTS

Problem solution is obtained numerically for
R, =0,039m,R=002m,H,=82m, 1=5-107,

t+Hig.om
23

o,
B2 oy
21 \“‘u. z

e’

g

79 “g
: |

18 .

o2 4 a & t.s

Figure 2: Level of liquid: 1-in the
tank, 2- in the vertical channel

V,=0,039m/s,/=2m. Using Mathcad application

software package, solution results are given at diagrams
(Fig.2-Fig.5). Fig. 2 illustrates liquid levels in the tank
and in the vertical channel, Fig.3 illustrate under
damping oscillations of liquid average velocity in vertical
channels.

T U,.m's
002
0,06 it
004 oy
0.02[fft
" 50 1t s

Figure 3: The average velocity of the
fluid in the vertical channel

The oscillations are damping with constant period -T = 3,9 s, maximum amplitude - a = 0,024 m.
Fig. 4 and Fig.5 illustrate the error A(t) = H(t) —¢(t) of liquid level measurement in the tank for friction

coefficient 2 =5.102 and 1=10"

L

0oz
0.02
0.01
1] e

= 001 rrp
-002

-003, 50 i t.s

Dom

Figure 4: Error in the measurement
the liquid level, 1 =5-107

For the friction coefficient 1=5.1072
oscillations period - T =3s, maximum error
A=0,024m is observed at the beginning of the

process; approximately in 130 s from the beginning of

motion the error is becoming small to negligible. For the
friction coefficient 1=107", oscillations damp in 73
seconds, at that, oscillations period T =4s, maximum

error do not changed A =0,024m .

15, m
nn2
oot
I,
0 W Hhs
-0m
-0.02
- 003 *

o 20 40 &0 20 t.s

Figure 5: Error in the measurement
the liquid level, 1 =107

V. DISCUSSION

Can be seen (Fig.3), that the average velocity of
the fluid in the vertical channel has synchronous
damped oscillations. Fluctuations in a vertical channel
are attenuated through 100 seconds. We can see
(Fig.4), that the magnitude of the error is a periodic
function, in which the amplitude of oscillations
decreases with time. The maximum error in determining
the level of fuel in the tank is observed in the beginning
of the flight of a rocketA = 0,015 m, after about 130

© 2017 Global Journals Inc. (US)

Global Journal of Researches in Engineering (D) Volume XVII Issue II Version I H Year 2017



Version | H Year 2017

Global Journal of Researches in Engineering (D) Volume XVII Issue

seconds error becomes negligible. Mathematical
experiment demonstrates, that increasing of the
horizontal channel length from ¢/ =2m to ¢ =4m
results in the increase of oscillation period T =5,4s and

maximum measurement error A =0,034 m .

VI. CONCLUSION

Executed study proves that it is impossible to
completely exclude liquid oscillations. Measurement
error reduction may be expected in case of changing
fuel consumption measurement system design features
(introduction of holes on the vertical channel or dampers
installation in the horizontal channels). To ensure zero
error the indicators should be located at the points,
corresponding to functions intersection nodes H (t)

and &(t).
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Experimental and Simulation Performance for
Fan Extraction System

Dr. Klaudio Bari® & Dr. Syed Hasan°

Abstract- Computational Fluid Dynamics (CFD) is commonly
implemented in industry to perform fluid-flow and heat-transfer
analysis, however, rarely used in computational material
engineering. The project aim is to select a biodegradable
composite for impeller used in conventional domestic
extraction fan. The analysis starts with a validation of the
experimental values of thrust obtained from different materials
used to manufacture impellers tested in a wind tunnel. An
identical model was used in the CFD simulation using STAR-
CCM* software. The study compares thrust values of different
impellers made from thermoplastic polymer such as
Acrylonitrile Butadiene Styrene (ABS), Polylactic Acid (PLA)
and composite materials such as Bronze-fill, fibre glass and
wood fill composites. The results revealed that composite
impellers like Bronze-fill and Glass fibre fill composites perform
better in term of thrust than traditional ABS impeller. Also,
biodegradable wood fill composite shows competitive
alternative to replace the conventional AB Simpeller used in
fan extraction units. A cost comparison shows that wood-fill
composite impeller would be cheaper to manufacture using
Polymer Injection Moulding (PIM). A crack growth can be
monitor using Acoustic Emission (AE) during solidification of
molten plastic.

[.  INTRODUCTION

raditionally, Computational Fluid Dynamics (CFD)
Tis commonly used in industry to perform fluid-flow
and heat-transfer analysis of turbo machinery
equipment. The use of CFD plays an important role in
fluid mechanics. Due to the progress of numerical
methods and computer capability, the impeller design
nowadays has been analysed by using numerical
analysis and CFD software to predicttimpeller
performance (Shah 2013). However, both manufacture
and design cannot be done easily with out sufficient
details about experimental outcomes. If there is
discrepancy between result obtained from the CFD and
experimental set up, the impeller cannot be
manufactured in a real production line (Kaminsky, 2012).
The project used STAR-CCM+ as a simulation
software tool of an identical model of domestic fan
extraction placed in a wind tunnel, which was
manufactured in the University of Derby workshop.
Validation of the results in such case is necessary
because the designs and implementers of publically

Authors o o: Carbon Fibre Research Laboratory, School of Engineering,
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used components could make errors in operation of the
component. These errors will result in term of
undetected faults in the impeller blades, numerous
errors such as loss of system integrity, electric fire
hazard in the motor, and worst of all loss of human lives.
The mission of validating and verifying is therefore to
find out and correct these errors that causes
misinterpretation, as early as possible thus preventing
exposure of the faulty components or systems to
customers. In order to validate the experimental results,
an identical design of3D parts was assembled to
duplicate a real physical model of fan extraction system
and test it in the wind tunnel. The challenge in this
project that the simulation software does not possess a
tool to select appropriate material of the impeller during

simulation, thus a comparison between the
simulation/experimental results will be limited to one
scenario. Wood-fill/lPLA  composite impeller was

proposed as an option for domestic fan extraction
system.

a) Aim

The goal of this study is to analyse the thrust of
different types impellers in a wind tunnel and examine
the performance and in particular wood-fill composite
impeller. The reuse and recyclability of impellers were
considered in the selection of the best bio degradable
material, thus have gaining a positive environment
impact due to recycling and reuse.

b) Star CCM+ Simulation

The use of STAR-CCM+ is becoming more and
more important, as it is one of the most powerful CFD
software. Ideally when choosing a CFD software, a
compromise had to be made between accessibility and
powerful functionality. However, STAR-CCM+ integrates
a set of tools that perform design, mesh and analyse
simulations without having to compromise the accuracy
of the boundary conditions. It was chosen in this study
because of its ability to solve complex boundary
conditions involving several laws of physics with
minimum user effort. The software usage in this study is
based solely on its rapid expansion through the ranks of
CFD and other mechanical engineering fields.

(Kaewnai, 2009) has an objective of using the
CFD technique in analysing and predicting the
performance of a radial flow-type impeller of centrifugal
pump. Although currently there is limited information
available of the physics models used axial flow type

© 2017 Global Journals Inc. (US)
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impeller, there is comprehensive research detail for
simulation centrifugal impellers in water flow in pumps.

This information can be used at some point in
term of comparison criteria and source of error which
may encountered during both experimental and
simulation process. In the present study, the main
concern is the noise and vibration impact on the multi
pressure sensors deployed in our wind tunnel. Most
research on impellers using STAR-CCM+ was
performed ontide, wave and wind energy generation
turbines using open air media (Kumawat, H.
(2014).However, the validation of low speed air stream
(< 10 m/s) a wind tunnel has never been investigated
due to lack of interest.

Most of other sresearches were performed mainly on
predicting flow pattern of air in axial impellers at above
350 m/s (Kumawat, 2014)

Impeller: The impeller parts have been manufactured
using an Ultimaker2 3D printer via a process of fused
filament fabrication (FFF), also known as fuse deposition
modelling (FDM) as shown in Figure 1. This process
deposits a polymer filament into a heated extrusion
nozzle. The nozzle moves to a build plate and
constructs the 2D cross section of the 3D model; the
cross section moves down and allows the nozzle to print
another 2D cross-section of the model on the initial 2D
cross-section, using heat as an adhesive. The layers are
stapled till the 3D model is completed.

I[I. METHODOLOGY

This research investigates the thrust of an axial
impeller rotated at low rotation speed (RPM=10,000).

Global Journal of Researches in Engineering (D) Volume XVII Issue II Version I n Year 2017
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Ultimaker

Figure 1: 3D Printer Ultimaker allocated to manufacture five different impellers

Before printing the CAD model of the impellers,
it had to be prepared using software called CURA,; it is
associated with Ultmaker2 (the 3D printer model). The
Ultmaker2 does not support files from other software,
hence a change of file extension to STL was done in
order to open the file in CURA. CURA was used in
changing the printing conditions such as; size and
shape of components, and Layer height (the movement
of the control plate between each layer). Note that the
higher the layer height the lower the printing quality, just

© 2017 Global Journals Inc. (US)

as pixels in 2D picture printing. There are two other
parameters that determine the finishing of the
components being printed; fill density and wall
thickness. Fill density, is the internal cavity, a fill density
of 100% would create a solid part while a fill density of
0% would create a component with hollow cavities. Then
the impellers were aligned to find the accurate centroid
of the rotation in order to prevent vibration at all rotation
speeds as shown in Figure 2.



EXPERIMENTAL AND SIMULATION PERFORMANCE FOR FAN EXTRACTION SYSTEM

Figure 2: ABS impeller produced by 3 D printing device
fixed by alignment shaft

After successfully printing the impeller in ABS
and PLA, three other composites were used. Wood-fill
(70% PLA, 30% recycled Wood-fibre), Bronze-fill (a

composite of PLA and fine bronze particles) and Glass
fiore (70% PLA, 30% E-Glass fibre). The same layer
height and infill parameters were used for Bronze-fill
(0.1mm layer height, 25% infill), however Wood-fill
required a layer height of 0.25mm due to its lower
printing temperature. All five impellers and the backward
stator are shown in Figure 3. The material properties of
the impellers are listed in Table 1.

Figure 3:Image shows five Impellers and stator

Table 1. The material properties of different impellers tested in the wind tunnel

Melting ITil2Lef
Material Fan Size | Tolerance | Density g/cm?® Point(° Tg(°C) Strength
oint(°C) 5
KJ/m
ABS 90 mm +0.10mm 1.03 - 105 36
PLA 90 mm +0.10mm 1.24 150-160 60-65 7.5
Wood-fill/PLA 90 mm +0.05mm 1.29 220 60-65 17.4
Glass fibre fill/PLA 90 mm +0.05mm 3.1 n/a nja 211
Bronze-fill/PLA 90 mm +0.05mm 3.9 n/a nja 225
a) Wind Tunnel
The wind tunnel was manufactured in our

workshop using laser cut machine and assembled using
expert technicians to fit all components inside. It is a
cylindrical geometry tunnel of synthetic smooth PVC
plastic in order to reduce intrinsic drag from air streams
and supported by ply wood frames to reduce vibration.
It was mainly designed to minimise the turbulence
created by the rotating impeller. The outlet air streams
measured by 0.5 mm?highly sensitive pressure sensor
that measures the velocity and mass flow rate. The
impeller, fan case and the other components used in the
experiment shown in Figure 4.

© 2017 Global Journals Inc. (US)
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Figure 4:lmage shows a Wind tunnel includes impeller and fan case

Speed Regulator:

The device shown in Figure 4 is an electric
servo regulator adjusting the impeller speed during the
experiment. The fan was power up by 12 DC battery
able to run the impeller up to 40 hours, the regulator
would switch off the fan in case of motor overheat in the

wind tunnel using servo consistency master. The motor
rotating the fan is connected to a car battery, to provide
stable DC power for long period of time and constant
rotation of 10000RPM. that Controlled by a digital
Tachomter shown in Figure 5

I

Laser in operation
RPM
10,000

Figure 5: Image shows the digital Tachometer

Guided Vanes:

This is a non-rotating fan stationed in the tunnel
to laminate the level of turbulence in exited at the outlet.
This stator acts like a frame fastened to the walls of the
container, to make sure all air streams are aligned to
horizontal axis in order to prevent turbulence at the
outlet end. Figure 6 shows the horizontal view of outlet
end of the wind tunnel.

© 2017 Global Journals Inc. (US)
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Figure 6: Image shows the Outlet view of the wind tunnel

i g
Byssrn
gy

[1I.  RESULTS

a) Experimentation Case

A mass rate and velocity meter is fixed on the
outlet of the tunnel to measure the outlet mass rate and
air velocity. By replacing the impeller for each batch
process, the thrust can be measured for different
impellers using the equationi.

Thrust = Velocity x mass flow rate

€y

The velocity meter is connected to PC. The
probe has very high sensitivity and an accuracy of +
0.3%. With that kind of sensitivity and accuracy, the
application of the device on the tunnel would require a
level of precision; any sudden vibrations could affect the
accuracy of the readings and cause a variation in results
as shown in Figure 7.

Figure 7: Image shows Manometer is connected without fixing the ends, which cause vibrations

The averaged outlet velocity, mass flow and thrust measured using the manometer are listed in Table 2.

Table 2: The list of outlet velocity, mass flow and thrust of different impellers tested in the wind tunnel.

. Outlet velocity | Outlet mass
Material . flow rate Kg/s Thrust (N)
ABS 12.50 0.041 0.51
PLA 10.30 0.032 0.33
Wood-fill/PLA 11.91 0.039 0.465
Glass fibre
fil/PLA 12.94 0.044 0.57
Bronze-fill/PLA 13.96 0.049 0.68

b) Simulation Case

The first step is use of a CAD based software
(Solid Works) to draw the structure and topology of
complete wind tunnel includes the internal parts. As the
impellers were already designed in a CAD based

software, a simple transfer of the drawing would merely
suffice to Solid Works. The second step is to import the
identical model geometry from solid work file (STL
format) to star CCM+. The wind tunnel, fan case, motor,
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cables and impeller were identically represented and models (RANS with K-epsilon correction) were applied
were applied to the same boundary conditions used in  to specify the behaviour of the turbulence produced as
the experiment case. After that, appropriate physics shown in Figure 8.

Figure 8: The model configuration shows the exact real case, motor, guide vain, wires, fan and wind tunnel case.

c) Simulation Results _ _ _ results. The similar outlet velocity profile is evident when
The model meshed using different size of  comparing the outlet velocity profile in Figure 10 and

Polyhedral size for the fluid region (1-10 mm) and fixed Figure 12.

Prism layer size of 1 mm for surface structure region. The quality of the model mesh was over 99.9%.
The velocity value-location from the outlet wind  1hjs was achieved using automated mesh which uses

tunnel pipe of from different mesh size are shown in ¢ face and geometry mesh control.

Figure 9a, b, ¢, d, e.
It was found that mesh size between 1-3 mm

was appropriate and it would produce repeatable

a)
R e
00205 37067 £4734 87167 13347 Al P 11 152 o} L]
Figure 9: 10 mm mesh 8 mm mesh 6 mm mesh

e)
Welocity: Mageitude (/s Velocity: Maanitude (m/s)
0000 7 2628 45255 6 7883 s‘-esm_nsl-: | 60000 21020 4 2040 & 3060 #4080 tasio
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Figure 17: Image shows the final results from the simulation

IV.  EXPERIMENTAL RESULTS

Similarly, the outlet mass rate and velocity of
different impellers, from the wind tunnel were measured
using the bespoke manometer. The averaged of 10
readings were obtained and the final results are
summarized in Figure 12.
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Figure 12: Chart shows a comparison between the experimental and simulation thrust results

V. DI1sCUSSION

The discussion of the
summarised as below:

e Composite impellers like Bronze-fill/PLA and glass
Fibre  filllPLA  composites  showed  better
performance in term of thrust compared to
traditional ABS impeller used in domestic extraction
fan system.

e Wood fill/PLA composite as a biodegradable
material to shows similar thrust values to simulation
results. This makes it attractive to be used in as
base line in simulation using Star CCM+.

¢ A modification was proposed to CD-Adapco to add-
on a Rigidity Factor (RF) in the rotation section in
the software. This will enable the user to choose an
appropriate material factor in the simulation using
rotation reference frame.

results can be

Plastic Impellers are manufactured using one of
our Pre-Tooled Plastic Impeller molds. This method
saves molds development time and money by using our
existing tooling inventory. Also, the time from placement
of order to delivery of actual parts is significantly
reduced. The cost unit of wood fill/PLA composite
impellers will be reduced to half using the advance air
plastic injection molding.

Advanced Air produces plastic injection molded
impellers for a wide variety of OEM, commercial and
industrial applications. The early results show that the
design and manufacture high quality impellers have
meet our exact specifications. The use innovative
manufacturing facilities to produce plastic impellers and
impeller products that give us 100% recyclability and
zero impact on the environment, maximum durability
and high performance.

© 2017 Global Journals Inc. (US)

In order to detect and monitor crack growth
during solidification of the impeller, Acoustic Emission
(AE) could be a micro-scale detection tool to monitor
crack and porosity of the final product. AE technique
also uses relatively simple but effective means of
monitoring the time progress development of different
failure mechanisms during air injection molding. The
data of the emission can be analysed and differentiated
to provide instantly alarm for shrinkage rate during
solidification of the impeller in the mold (Spasova,
2008).

VI.  CONCLUSION

Biodegradable impellers are promising material
to replace the current ABS used in domestic fan
extraction system. This will have a significant positive
environmental impact by recycling the used impellers.
An early result shows that wood-fill/PLA impeller was
viable to be manufactured using traditional extrusion
process to reduce cost of production. Plastic Mold
Injection (PIM) was selected as a cost effective
manufacture process in the mass production of wood-
fill/ PLA composite impeller.
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Path Loss Prediction for Some GSM Networks
for Akwa lbom State, Nigeria

Michael U. Onuu® & Emem M. Usanga®

Abstract- Path loss prediction for some Global System of
Mobile Communication (GSM) networks for Akwa Ibom State
in the Federal Republic of Nigeria was undertaken in this study
in order to obtain a suitable path loss model for path loss
prediction for the State. Received Signal Strength (RSS) and
path loss were obtained from MTN and GLO base stations
(networks) located in Uyo, Eket, Ikot-Ekpene, Onna, Etinan
and Oruk-Anam which are some major towns in Akwa Ibom
State. Path loss plots from theoretical models and
experimental data against Basic Transceiver System (BTS),
mobile device distance, gave positive linear relationships
resulting in the proposed path loss model for Akwa Ibom
State. Comparative analysis of Mean Square Error (MSE)
obtained showed Hata model to be the most reliable and
suitable path loss prediction model for Akwa Ibom State. The
MSE value for each town was 5.9dB, 4.09dB, 5.93dB and
4,03dB for Uyo, Eket, Onna and Etinan, respectively. It was
found that Egli model with MSE value of 5.97dB is suitable for
path loss prediction in Ikot-Ekpene due to its irregular terrain.
Results also showed that none of the models being
considered gave acceptable MSE value for Oruk-Anam. In this
case, the proposed path loss prediction model for Akwa Ibom
State should be used for Oruk-Anam. The results of this
investigation therefore lend credence to the fact that terrain
and infrastructural development affect not only path loss, but
also the suitability of a given path loss model for a particular
environment.

Keywords: path loss, global system of mobile
communication (GSM), base transceiver station (BTS),
received signal strength (RSS), networks and akwa ibom
State.

[. [NTRODUCTION

a) Overview

ince the advent of telecommunication, there have
Sbeen researches on how to improve and enhance

communication between people at various
locations. This resulted in Global System for Mobile
Communication (GSM) which is a wireless form of
communication that propagates information (voice and
data) in the form of an electromagnetic (EM) wave.

It is a fact that cellular phones have
revolutionized personal communications for millions of
people around the globe. Like any mobile radio, a
cellular phone transmits and receives electromagnetic
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University, Ndufu-Alike, lkwo, Nigeria.
Author o: Department of Physics, University of Uyo, Uyo, Nigeria.

e-mails: Michaelonuu@yahoo.com, usanga4edu@yahoo.com

waves [19]. The use of GSM has bridged the
communication gap between urban and rural dwellers.
Since the inception of commercial operation of GSM
globally in 1991 and in Nigeria in 2001, the demand for
good delivery of voice and data services by subscribers
is high.

It has been observed that even with the
operation of four telecommunication giants and other
communication industries in Nigeria, there is still an
outcry by subscribers on poor quality network. This is
due to the fact that GSM faces the problem of reduction
in power density (path loss) in electromagnetic wave as
it propagates between the BTS and mobile device.

A particular BTS has a limit to which it can cover
for effective communication; thus locating a
communication mast and BTS must be done such that
the number is minimized through proper link design and
path loss prediction. Poor network coverage brings
about frequent drop calls, poor quality of service, poor
inter -connectivity, echoes and general congestion [12].

This is due to the fact that signal value and
signal level for voice and data service for a network
depend on the power density of an electromagnetic
wave as it propagates through the space from the
source to the mobile device.

The gradual loss in power density of an
electromagnetic wave as it propagates from the source
to the receiver is a problem to network providers. For
cellular network to effectively cover a terrain or
environment, accurate prediction of the coverage of the
radio frequency signal is highly needed.  Wave
propagation models are essential and very important
tools in determining the propagation characteristics for a
particular environment [12].

Path loss prediction is a necessary tool for GSM
network design, location of BTS and coverage area for
such a network. Path loss is due to several effects such
as free space path loss, refraction, diffraction, reflection,
absorption, coupling and cable loss. Path loss depends
on several factors which are; type of propagation,
environment, distance between the transmitter and
receiver, height and location of antennas [1]. From the
foregoing, it means that the area to which a particular
BTS can cover is not fixed but depends on the nature of
the environment, terrain and the level of infrastructural
development of such a location. In urban areas with
dense population, high rise buildings and structures,
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reflection and absorption of radio energy by buildings is
high, thus loss in power density will be high.

According to Mawjoud [6], networking
planning is vital in the prediction of path loss and hence
the coverage area, frequency assignment and
interference which are the main concerns in mobile
network planning. The available empirical formulae
cannot be generalized to different environments (urban,
sub-urban, rural). In general, suitability of these models
differ for different environment.

Several propagation models have been
formulated for prediction of path loss, but due to
difference in terrain and level of development of a
particular environment, appropriate model for a
particular environment differs. This study is aimed at
obtaining a propagation model that is suitable, reliable
and most accurate for path loss prediction in an
environment and terrain like Akwa lbom State in the
Federal Republic of Nigeria.

[1. REVIEW OF PREVIOUS WORKS

Path loss is the gradual reduction in power
density of an electromagnetic wave as it propagates
through the space from a source. Electromagnetic
wave propagates through space from one region to
another even when there is no matter in the intervening
region. Electromagnetic wave, when traveling through
an unguided medium, undergoes different kinds of
propagation effects such as reflection, diffraction, free
space loss, absorption, aperture medium, coupling loss
and scattering. These propagation effects are the
causes of reduction in power density (path loss). Path
loss is as a result of received signal becoming weaker
due to increasing distance between the base station
and the transceiver system. This occurs even when
there are no obstacles between the transmitting antenna
and the receiving antenna. Radio wave propagation
through a city is greatly affected depending on whether
there is line- of- sight (LOS) between transmitting and
receiving antennae or not. This is because propagation
characteristics of the radio wave, such as path loss,
fading and attenuation do not only depend on the
distance and frequency, but also on the scatter angle
that depends on what is causing the obstruction to the
propagated wave [13].

A number of researchers have worked on path
loss prediction which is of vital importance in GSM
network design, planning, location of BTS, coverage
area, frequency assignment and interference for
effective cellular networks aimed at achieving effective
signal values and levels between a transceiver and a
mobile device.

Mawjoud [6] in his work on path loss
propagation model prediction for GSM network planning
studied the outdoor path loss behavior in Mosul city in
Iraq to predict a suitable propagation model at the
frequencies of 900MHz and 1800MHz in urban and sub-

© 2017 Global Journals Inc. (US)

urban environments.  After comparing the empirical
models such as Hata, costs-231 Hata, International
Telecommunication Union - Radio (ITU-R), Ericson and
Stanford University Interim (SUI) with the experimental
measured path loss for urban areas in Mosul city, the
result showed that at 900MHz frequency, the best fit
model for urban and sub-urban is Hata and Ericson
models and for 1800MHz frequency, the best fit model
for industrial and sub-urban areas is the Costa-Hata
model. This shows that every environment has its
distinctive characteristic factors and features that affect
the propagation of wave differently. This, thus, precludes
the generalization of a particular model for different
environment. Various works [10,11] also showed that a
path loss model cannot be generalized for different
environment.

Also Isabona and Konyeha [5] in their study on
urban area path loss propagation prediction and
optimization using Hata model at 800MHz showed how
Okumura Hata model is chosen and optimized for urban
outdoor coverage in the Code Division Multiple Access
(CDMA) system operating in 800MHz UHF frequency
band in South South Nigeria. They compared measured
path loss with theoretical path loss obtained from Hata,
SUI, Lee and Egli models. In their result, Hata model
was the nearest in agreement with the measured values.
Based on these, they developed an optimized Hata
model for the prediction of path loss experienced by
CDMA 2000 signal in 800MHz band.

a) Reasons and causes of path loss

The reduction in power density (path loss) of a
signal as it propagates from a source is caused by
various factors which includes free space loss,
diffraction, multipath fading, buildings and vegetation,
terrain and atmosphere.

b) Theoretical path loss models

Theoretical models were derived based on the
physical laws of wave propagation [10]. The theoretical
path loss prediction models are divided into two basic
types, namely; free space path loss model and plane
earth propagation model.

i. Free space propagation model

In free space, the wave is not reflected or
absorbed. Ideal propagation implies equal radiation in
all direction from the radiating source and propagates to
an infinite distance with no degradation. The free space
path loss model is used to predict received signal
strength when the transmitter and receiver have a clear
unobstructed line-of- sight, LOS, path between them
[10]. In satellite communication, microwave in LOS radio
links typically undergo free propagation. According to
[2,8,10], the power flux is given by

F,
=—1 2.1
45d

By



where P, is known as transmitted power (W /m?*) and

P, is the power at a distance d from the antenna. The
effective power of an isotropic antenna is given by

The actual power received by the antenna
depends on the aperture of the receiving antenna 4,,,

the wave length of the received signal A and the power

A? flux density at the receiving antenna P, . Path loss is
4. = Ar 2.2 given by the equation
and the received power by
A2
P =P/ xA4,=FPx—— 2.3
(47d)
L, =Power transmitted (P) — power received (P.) 24

Substituting equation 2.3 into 2.4 gives

L, =20log,, (47)+20log,, (d)-20log,,(1) 2.5

Also  substituting A (inkm) = % (inMHz) and

rationalizing the equation produces the generic free
space path loss formula as given below:

L, (dB)=325+20log,,(d)+ 20log,,(f) 26

where f is the carrier frequency in MHz, d is the T-R
distance in km.

ii. The plane earth model
According to [14,18], path loss experience is
worse in terrestrial environment than in free space. The
most  significant  difference  between  terrestrial
environment and free space is the presence of ground
(and ground reflection) in a terrestrial environment. The

plane earth loss increases far more rapidly than the free
space loss and it is independent of carrier frequency.
In plane earth model [14,18],

s
p d4

where d is the distance (in metres) between the
transmitter and receiver, h, is the height (in metres) of

L 2.7

the transmitter antenna and hris the height (in metres)

of the receiver antenna.
In practice, a correction factor a is added to
equation 2.7 to yield

_azht2 h?
P d4
The correction factor a depends on the

frequency of the carrier. Converting equation 2.8 to
decibel gives.

L 2.8

L,=10log(a)+20log(#,)+20log(h,) - 40log(d) 2.9

The plane earth loss is rarely an accurate model
of real-world propagation when taken in isolation. It only
holds for long distance and for cases where the
amplitude and phase of the reflected wave is very close
to the idealized in case a equals 1.

c) Empirical Models
Empirical models, also known as stochastic
models, are models obtained from experimental
observation. There are of various types and their
suitability differs with respect to terrain. In this work,
Okumura model, Hata model, Cost-231 model and Egli

model will be discuss.

i. Okumura Model
According to [10], the Okumura’s model is an
empirical model based on extensive drive test
measurements made in Japan at several frequencies

within the range of 150 to 1920 MHz, but is extrapolated
to 3000 MHz. For Okumura model, the prediction area
is divided into terrain categories; open areas, suburban
area and urban area [15]. Nadir and Ahmad showed
that the signal strength decreases at much greater rate
with distance than that predicted by free space model
[7].

Okumura developed a set of curves giving the
median attenuation relation to free space (4,,,), in an
urban area over a quasi-smooth terrain with a base

station effective antenna height (4,) of 200m and a

mobile antenna height (%, ) of 3m. The curves are

plotted as a function of frequency in the range of
100MHz to 1920MHz and as a function of distance from
the base station in the range 1km to 100km.

The empirical path loss formula of Okumura is expressed as [10,15]

L, (dB) =L, +4,, (f’ d) -G (hb) -G (hm ) ~G yres

210
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where L, (dB) is the medium value of the path, L, is

the free space path loss as given in equation (2.6),
A is the median attenuation relation to free space,

mu

G(h,) is the base station antenna height gain factor,

G(h,,) is the mobile antenna height gain factor, G ,zp,

is the gain or correction factor due to the type of

environment.

G(h,)=20log,, (hb / 200)

G(h,)=10log,, (h, /3)
G(h,)=20log,, (A, /3)

Table 2.1: Range of validity for Okumura model

Parameter Symbol Range
Carrier frequency F 150 to 1920 MHz
Base station antenna height hb 30 to 1000m
Mobile antenna height h 1to 10m
m
Distance D 1km to 100km
ii. Hata Model

The Hata model is an empirical formulation of
the graphical path loss data provided by Okumura
model (Hata, 1980). It is valid over roughly the same
range of frequencies 150MHz to 1500MHz. This
empirical formula simplifies the calculation of path loss
because it is closed form formula and it is not based on
empirical curves for different parameters. Two forms of
the Okumura-Hata model are available [20]. In the first
form, the path loss (in dB) is written as

The value of A, (f.,d) and Gz, are
obtained from Okumura’'s empirical plots shown in
figure 1. Okumura derived empirical formula for G (%,)

and G(h,) as follows:

: 30m < h, <1000m 2.11a
: h, <3m 2.11b

: 3m < h, <10m 2.11c
PL :PLﬁ‘eespace + Aexc - ch - Hcm 212

where PL ;... 18 the free space path loss, 4, is

the excess path loss (as a function of distance and
frequency) for a base station height, 4, , 200m and

mobile station height, 4,, , 3m.

The more common form is a curve fitting of
Okumura’s original result. In that implementation, the
path loss is written as [17]

PL=A+Blog(d)-C 213

where A,B and C are factors that depend on

frequency and antenna height according to the following
equations:

A=69.55+26.16log(f,) —13.82log(h,)—a (h,,) 2.14a
B =44.9-6.55log(4,) 2.14b
where f, is givenin MHz and d inkm, a(h,,) is a correction factor for mobile antenna height.
The function a(k, ) and C depend on the environment for small and medium-size cities.
a(h,)=(L1log(f.)-0.7)h, —(1.56log(f.) - 0.8) -
14c
Cc=0
For metropolitan areas or large cities
" 8.29(log(1.54h,))* 1.1 for f, < 200MHz
a =
" 3.2(log(11.75h,,))* — 4.97 for f, > 400MHz 2.14d

Cc=0

For suburban environment

C =2log(f./28)]* -5.4 2.14e

For rural area

C =4.78log(f.)>~18.33l0g(f.)—40.98  2.14f

© 2017 Global Journals Inc. (US)

The function a(h, ) in suburban and rural area

is the same as urban (small and medium-size cities)
areas.

The Hata model will approximate the Okumura
model for distance d>1 km. Hence, it is a good
model for first generation cellular system, but it does not



model propagation well in current cellular system with
smaller cell size and higher frequencies. The table below
shows the validity range for Okumura-Hata model.

Table 2.2: Range of validity for the Okumura-Hata model

ii. COST-231 Model

The COST-231 model sometimes called the
Hata model PCS extension is an enhanced version of
the Hata model that includes 1800-1900MHz [15].
COST-231 model is for propagation in the PCS band.

Porameters __Symbol __ Range According to Nkordeh, COST-231 mode! is
amerfrequency S S0 15 ‘ limited to cases where base station antenna is placed
Effective base station 30 ... 2000m higher than the surrounding building. COST-231 model
antenna height is given by [9,15,16]:
Effective mobile station g, 1...10m
antenna height " L,=A+Blog,,(d)+C 2.15
Distance D 1...20km
where
A=46.3+339log,,(f)—-13.82l0g,,(%,) —a(h,) 2.16a
B =44.9-6.55l09,,(%,) 2.16b
|0, for mediumcity and suburban areas with moderatetree density 216¢
K for metropolitancentres
a(h,) =1.1log(f) -13.82l0g,,(h,) — a(h,) +[44.9 - 6.55l0g],(,) l0g,,(d) + C 2.16d
Thus
L, =46.3+33.9log(f)—-13.82log,,(%,) —a(h,)+ [44.9 —-6.55l09,,(%,)l0g,,(d) + C] 2.17

Table 2.3 Validity Range for COST-231 Model

Parameters Symbol Range
Carrier frequency f 1800MHz < f,<
¢ 2000 MHz

Effective base station h
antenna height
Distance D

30m <h,< 200m

1000m > d >
200m

iv. Egli Model

Egli model is an irregular terrain model for radio
frequency propagation [10,15]. Egli model provides the
median path loss due to terrain loss. It predicts the total
path loss for point-to-point  link  (link-of-sight
transmission). Typically, it is suitable for cellular
communication scenarios where one antenna is fixed
and another is mobile. Egli model is expressed as [15]

hb hm

2

Lso =40l 00,9 (d) - 201 0010 (hb) - 20l 0010 (hm ) - 10|0910 (ﬂ)

[11.  CELL, BTS AND MOBILE DEVICE

Global system for mobile communication (GSM)
is made up of a BTS and a mobile device enclosed
within a cell.

In GSM, a cell is the geographical area covered
by radio frequency from BTS which a mobile device

where G, is the gain of the base antenna and G, is the
gain of the mobile antenna, 4, is the height of the base

antenna, h,, is the height of the mobile antenna and d
is the propagation distance and

2]

where f is the frequency in MHz combing equation
2.18 and 2.19, Egli model is given by

2 2
Lso = Gb Gm {%} @
d S

The gain for mobile station, G,, and gain for

219

base station, G, are zero in decimal unit, so the path
loss in this case can be simplified by

2.20

located within that range can connect reliably is the
transceiver (Figure 2.1). The size of a cell is not fixed, it
depends on several factors such as line-of-sight,
reflection and absorption of radio frequency by
obstacles and vegetation, height of the antenna,
transmitters rate power, the required uplink/down link
data rate of the subscribers device and the terrain.
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Sharma and Singh showed that these cells joined
together to provide radio coverage over a large
geographical area [16]. Path loss determines the cell
range. For GSM, there are three cell ranges. Table 2.4.
Hamad-ameen from his research showed that the
accuracy of cell planning depends on several factors
and accuracy of propagation model is one of them [3].

Fig. 2.1: cell
Table 2.4: Cell Range
Cell Cell Radius
Large cells 1km >r > 30km
Small cells 1km to 30km
Micro cells 200m to 300m
Base Transceiver Station (BTS) in mobile

communications holds the radio transceiver that defines
a cell and co-ordinate the radio-link protocols with the
mobile device. The BTS is the networking component of
a mobile communications system from which all signals
are sent and received. Thus it facilitates wireless
communication between a device and network thereby
creating the cell in a cellular network. A BTS consist of
the following: antennas that relay radio message,
transceivers, duplexers and amplifiers while a mobile
device is a portable, wireless computing device that is
small enough to be used while held in the hand; a hand-
held. These include mobile phones, PDA, computers.

A mobile phone operates on a cellular network
which is composed of cells. If a subscriber (user) is
located outside the cell belonging to the cellular network
provider the user subscribed to, such a user cannot
place or receive calls in that location.

a) Experimental Design

The methods employed in this study include
physical site survey, collection of data, GPS
measurement and analysis (graphs and regression). A
detailed field study exercise for collection of data was
carried out in selected cities of Akwa Ibom State using a
mobile phone.

© 2017 Global Journals Inc. (US)

A NET monitor software installed in a Samsung
galaxy phone was used to obtain the received signal
strength from a fixed BTS at selected locations while
GPS was used to measure the BTS — mobile device
distance while a Personal Computer (PC) was used to
save the collected data.

This study was conducted in December, 2015 in
selected cities of Akwa Ibom State at a temperature of
27°C. The Local Government Areas in which the
investigation was carried out were Uyo, Eket, Ikot-
Ekpene, Onna, Etinan and Oruk-Anam (Table 3.1).

b) Description of the study area

Akwa Ibom State lies between latitudes 4.32°
and 5.33°N and longitudes 7.35° and 8.25°E, the State is
in the South-South geopolitical zone of Nigeria,
bounded by Rivers State on the West, Cross River State
on the East, Abia State on the north and Gulf of Guinea.

The State is in Niger Delta and one of the 36
states in the Federal Republic of Nigeria with a total land
mass of 7,249 square kilometers. About 13% of the
960km of Nigeria’s Atlantic Ocean runs through Akwa
lbom State.

Akwa Ibom State falls within the tropical zone of
Nigeria with a dominant vegetation of green foliage of
trees and shrubs. Most parts of the state are coastal
areas with Atlantic coastlines that stretch 129km from
Oron in the east to Ikot Abasi in the west.

c) Receiver Signal Strength (RSS)

In  telecommunications, Received  Signal
Strength is the power present in a received radio signal
and it is express in decibel (dB).

Below is a range of signal strength and its effect
on quality of service.

Table 3.1: Signal Strength on GSM

Signal Strength

(dB) Quality of
—105to — 100 Bad/drop call
—99to— 90 Getting bad/signal may break up

— 89 to — 80 Quality of service should not have problem

—79to— 65 Quality of service is good
Overto — 65 Quality of service is excellent
[V.  RESULTS AND DISCUSSION

The empirical path loss result was evaluated
using four different path loss models, namely, free
space model, Hata model, COST -231 model and Egli
model. The experimental results were subjected to
regression analysis to obtain path loss model for each
of the locations and path loss model for the entire study
area. The Mean Square Error (MSE) was used to pick an
empirical path loss model suitable for Akwa Ibom State.



Table 3.1 Cities and their characteristics

City Classification Characteristics

Uyo Urban (coastal/hinterland) Level terrain, presence of industries and institutions, heavy road
traffic, large number of cluster high-rise building and

) ) telecommunication companies.

Etinan Urban (hinterland) Moderate road traffic, sparsely distributed buildings, few trees,
hill and telecommunication companies

Eket Urban (hinterland) Heavy road traffic, oil exploration companies, institutions, large
number of cluster high — rise building, level terrain and telecom-
munication companies.

Onna Suburban(coastal/hinterland) Very high road traffic, tall trees, sparsely distributed
building and telecommunication companies

lkot-Ekpene  Urban (hinterland) Heavy road traffic sparsely distributed high - rise building few

Oruk-Anam  Urban (hinterland)

trees, hills
Very high road traffic, thick vegetation with tall trees
and telecommunication companies

Ibom State. The minimum MSE Value for good

signal propagation is 6dB.

a) Empirical path loss result

The result from the four empirical path loss

Table 4.3: Measurement for Eket

Network Distance (km) RSS (dB) Path loss (dB)

model used are as shown in table 4.1. A frequency (f) of MTN 10 78 125
900MHz, Base Transceiver height of 45m and mobile 2.0 -81 128
receiver height (h,,) of 1.5m was used in the evaluation. 3.0 -87 134
The result is as shown in table 4.1. 4.0 -9 138
, . . 5.0 97 146
Table 4.1: Empirical result for different path loss models
] Free GLO 1.0 -81 128
Distance pace Hata (dB) Cost-231 ¢ (4B) 20 -89 136
(km) (dB)
(dB) 3.0 -95 142
10 9158 12397 12359  110.46 4.0 -101 148
20 9761 13395 13384 12250 5.0 -107 154
3.0 101.13 139.79 139.84 129.35
40 103.63 143.65 144.10 134.54 Table 4.4: Measurement for Ikot-Ekpene
5.0 105.56 146.86 146.86 138.42

V.

EXPERIMENTAL RESULT

Network Distance (km) RSS (dB) Path loss (dB)

MTN 1.0 -69 116
The collected measurement for MTN and GLO 50 74 101
bass stations for the selected cities are shown below. 3.0 79 126
Table 4.2: Measurement for Uyo 4.0 -85 132
Network Distance RSS (dB) Pathloss 50 95 142
(km) (dB) GLO 1.0 -71 118
MTN 1.0 71 118 2.0 79 126
2.0 -78 125 30 83 130
20 81 108 4.0 -97 144
5.0 -103 150

4.0 -89 136

5.0 -97 144

GLO 1.0 -79 126

2.0 -85 132

3.0 -89 136

4.0 -95 142

5.0 -101 148
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Table 4.5: Measurement for Onna Table 4.6: Measurement for Etinan

. Distance Path
Network D|?Eralnn)ce RSS (dB) Paitgéc))ss Network km)  RSSOB) |ose(dB)

MTN 1.0 70 17 MTN 10 -83 130

2.0 75 122 20 91 138

3.0 -83 130 3.0 -97 144

4.0 -89 136 4.0 -99 146

5.0 -97 144 5.0 107 154

GLO 1.0 -79 126 GLO 1.0 -79 126

20 -83 130 2.0 -83 130

3.0 -87 134 3.0 -91 138

4.0 -93 140 40 -95 142

5.0 -101 148 5.0 -97 144

Table 4.7: Measurement for Oruk Anam

Network Distance RSS (dB) Path loss

(D) Volume XVII Issue II Version I E Year 2017

(km) (dB)
MTN 1.0 -83 131

2.0 -92 140

3.0 -98 146

4.0 -107 155

5.0 -118 161

GLO 1.0 -75 122

2.0 -81 128

3.0 -87 134

4.0 -91 138

5.0 -99 144
EJJ
[}
g 160
EJJ
5 140 . @ Free
£ z space
B 120 - (dB)
< = Hata (dB)
= 100 —7*‘ ‘ I
[}
é‘ —~
“ g 8o A COST-231
E geo )
5 <40 x Egli (dB)
= E &
= 20
5 0l X MTN (dB)

0 2 4 6

Distance (Km)

[ | Figure 4.1: Graph of path loss against distance for Uyo L. G. A
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Figure 4.3:  Graph of path loss against distance for Eket L. G. A
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Figure 4.6: Graph of path loss against distance for OrukAnam L. G. A

The equation of the line of regression of Y on X
is given as

Y=a+a,X 3.1
where
NY XY=y XY
= NExi-EN? 32
a— EN—Y —a, Z% 3.3
The proposed path loss model will be given by For Eket
PL=a+a0XBM+C 34
where

P_is the path loss

Xgu is the BTS to mobile receiver distance

C is correction factor for the environment Equations 3.2,
3.3 and 3.4 were used to find equation of line of
regression for the study areas.

For Uyo L.G.A

© 2017 Global Journals Inc. (US)

L (4122) (1325)
% = P 70(110) (30)2
a, =5.85

1335 (30)
L TR T
a =115.95

(4253) (1379)
% =100 77 (30)2
a, =5.8
1379 (30)
10 ’ 10
a =120.5

PL = 120.5 + 5.8 Xpy

4.2



For Ikot-Ekpene

. (4060) (1305)
%o = 2 70(110) (30)2
a, =7.25

_1305 . (30)
=10 2 10
a =108.75

For Onna
. (4099) (1321)
%o = 10(110) (30)2
a, = 6.8
1321 (30)
a=—— — 68 —=
10 10
a =111.7
PL= 111.7 + 6.8Xpy
For Etinan
. 10(4280) (1392)
%o = 2 70(110) (30)2
a, =5.2
1392 (30)
=0 % 1o
= 123.6

PL =123.6 + 5.2Xpy

For Oruk-Anam

10(4336) (1401)
% =70110) 7" 30)2
a, = 6.65

1401 (30)
“=" T 66 Ty
a =120.15

PL = 120.15 + 6.65Xpy

4.3

4.4

4.5

4.6

The proposed path loss model for Akwa Ibom

State is inducted as follows:

60(25133)
% = 50t660) 8% (180)2
a, = 6.34
a=22 _ 634 &0
60 60
a = 116.34

PL = 116.38 + 6.34Xpy

4.7

The Mean Square Error (MSE) compares the
measured data with the data obtained from each of the
empirical models to determine the minimum MSE. The
model that gives the least MSE and also not greater
than 6dB, the minimum value of Mean Square Error for
good signal propagation is suitable for prediction of
path loss in the area in consideration. The Mean Square
Error is expressed as

(Pm_

=
~—~
N

MSE =

=

where P, is the measured value, P: is the empirical
value and N is the values of data taken.

For Uyo
11552.42
MSE (free space) = 0 = 38.99
347.74
MBE (Hata) = 0 = 5.9
533.59
MSE (cost —231) = 0 - 7.31
] 558.61
MSE (Egli) = =747
10
For Eket
14525.18
MSE (free space) = 0 - 38.11
V166.38
MBE (Hata) = ——— = 4.09
10
196.95
MSE (cost = 231) = |—— =444
, 1406.38
MSE (Egli) = T 11.86
For |kot-Ekpene
698.72
MSE (free space) = 10 =31.14
772.34
MSE (Hata) = = 879
10
MSE (cost —231) = |22 — 926

10
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356.54
MSE (Egli) = =597
10
For Onna
11135.98
MSE (free space) = Q0 - 33.37
352.06
MSN (Hata) = =593
10
446.66
MSE (cost - 231) = 10 = 6.68
, 518.74c
MSE (Egli) = =7.20
10
For Etinan
15633.09
MSE (free space) = —T0 = 39.54
162.32
MSE (Hata) = = 4.03
10
174.2
MSE (cost — 231) = o = 417
1670.1
MSE (Egli) = =12.92
10
For Oruk-Anam
16664.94
MSE (Free space) = T 40.82
MSE (cost — 231) = [©- = 7.44
566.64
MSE (Hata) = =7.82
10
2188.3
MSE (Egli) = |—5— = 1479

VI.  DISCUSSION

The results of path loss obtained from four
empirical models are shown in table 4.1.The data shows
that free space model has least path loss followed by
Egli model and then Hata and COST-231 model which
has close values.

The experimental results of received signal
strength and path loss measured are shown in table 4.2

© 2017 Global Journals Inc. (US)

to 4.7. Regression analysis carried out on the results of
each location gives equation 4.1 to 4.6. Figure 4.1 to
4.6 show plots of path loss in decibel against distance in
kilometres for the six study area. The graph shows a
linear relationship between path loss and distance,
increase in distance led to increase in path loss.

The MSE compares the measured data with the
data obtained from each of the empirical model to
determine the minimum MSE. The model that gives the
least MSE and also not greater than 6dB, the minimum
value of MSE for good signal propagation is suitable for
prediction of path loss in the area in consideration. From
the evaluation, MSE value obtained for Hata model (5.
9dB, 4.09dB, 5.93dB, 4.03dB) for Uyo, Eket, Onna and
Etinan LGA respectively falls within the acceptable
values of MSE for good signal propagation while Egli
model (5.97) for Ikot-Ekpene is the acceptable value.
From the evaluation, the least MSE value for Oruk-
Anam, Hata model (7.44) is above the minimum MSE
value of 6db for a good signal propagation.

VII.  CONCLUSION

From the investigation, Hata model has the
minimum means square error (MSE) of 5.9dB, 4.09dB,
5.93dB and 4.03dB for Uyo, Eket, Onna and Etinan,
respectively. These values fall within the acceptable
value of minimum MSE of 6dB for a good signal
propagation. Hata model is more reliable and suitable
for accurate path loss prediction in these areas while
Egli model with MSE value of 5.97db for Ikot-Ekpene is
suitable for path loss prediction for lkot-Ekpene. This
investigation also shows that the least MSE value of
7.44db for Oruk-Anam was obtained from Hata model
but it is greater than the minimum MSE of 6dB for a
good signed propagation. In these cases the proposed
model (PL = 116.38 + 6.3Xp,,) obtained from this study
can be used Oruk-Anam.

From this study, Hata model gives a fairer result
for path loss prediction for Akwa Ibom State. The study
also shows that no generic model is suitable for
generalized used since each model differs in their
applicability over different terrain. For effective path loss
prediction in Akwa Ibom State and network coverage
performance, the proposed path loss model in equation
4.7 obtained from the experimental results from the state
is reliable, suitable and more accurate.
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Ensuring the Guaranteed Level of Flights
Safety- the View of the Future

Volodymyr Kharchenko ® & Dr. Oleh Alexeiev°®

Abstract- Considering statistics for the last decade on
accident/incident of a question of providing guaranteed flight
safety level is the most relevant as shoricomings and
problems of functioning aviation activity are explained by lack
of general-theoretical basis and the standard scientifically
based approaches to safety management system which
development has to be guided upon the demand of ICAQO
which defines that any region should not have
accident/incident frequency level more than twice exceeds
universal. These are the following main areas: introduction of
an acceptable level of flight safety in the state; mandatory
procedures for the development and implementation of safety
management system; obligatory procedures for ensuring
direct management of the level of the flight safety within
acceptable or established level of the enterprise (continuous
monitoring and regular assessment of the flight safety,
corrective actions required to maintain the agreed flight safety
indicators and monitoring, flight information analysis, risk
management, etc.) [1,2]

Purpose of methodology consists in association in
the only complex of tasks of assessment, providing and
verification of safety aviation activities as complex hierarchical
structure with independent critical elements and also
hardware, program, network and ergatic komponen which are
both means, and subject to safety.

The realization of ensuring the guaranteed result
consists in realization of management processes so that not to
allow transition of infrastructure or its systems to potentially
dangerous state and to provide blocking (exception) of the
corresponding technical object in case of threat of transition or
upon transition to a dangerous state and minimization of
consequences of such transition.

Keywords: flight safety, guaranteed flight safety level,
safety management system, rysk analysis.

[.  INTRODUCTION

he safety management system is the main
Tmanagerial function which has to be considered at

the level, at least adequate behind importance
degree to other business functions of any airline which
realization has to rely on the balanced allocation of
resources on production targets and means of
protection which will promote establishment of safety
limit.

Author —a: Prof. National Aviation University Kosmonavta Komarova
avenue, 1, 03680, Kyiv, Ukraine. e-mail: kharch@nau.edu.ua

Author o: Air Navigation Systems Department, National Aviation
University,1 Kosmonavta Komarova ave.,03011, Kyiv, Ukraine.

e-mail: oalexeiev@yahoo.com

The similarity of the nature of the appearance of
risks and the increasing relevance of their reduction to
an acceptable level for various critical applications
determines the relevance of the establishment of a
methodology to ensure and maintain a guaranteed level
of safety of future flights.

By consideration of aspects of flight safety the
accepted postulate that absolute safety does not exist -
after acceptance of protective measures the residual
risk always remains. It should be noted that this term is
used only in that case when there is a possibility of
approach of negative consequences. The risk as a
measure of probability of infliction of harm to safe
functioning of system and the environment and also
weight of this harm is considered by us. "Loss" is
defined as physical damage or harming, the state of
health connected with deterioration or vital signs of the
person who reduces his abilities to normal full
functioning from the point of view of its physiology. The
loss can be caused as directly, and is mediately and
qualitatively classified behind levels as catastrophic,
critical, limit, insignificant. In separate works assessment
of a loss is offered to be stated in monetary units (if it is
loss of property) and or the number of the human
victims. Generally safety functioning of aviation activity is
reached due to reduction to risk to admissible level.

Thus there is a need to have the system of
indicators of efficiency of providing flight safety which
would consider a ratio of results and process for
assessment of a possibility of management of risk
factors at the aviation activities.

Measurement of efficiency of providing flight
safety has to provide a role of regulator and its influence
on efficiency of processes of safety management
system in suppliers of production/service, and their
influence on results at the aviation activities.

In assessing the effectiveness of the provision
of flight safety, account must be taken of the
characteristics of the process, which leads to the
expected results, and indicators should be developed
accordingly. The proposed method of estimating the
flight safety, based on three levels of system behavior:
the results of high level in the provision of flight safety,
the behavior of service providers and the activities of
regulatory bodies, is one of the guarantees flight safety
level [3,4,5].
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[I.  THEORETICAL PART

The Integrated Management System allows for
the application of static and dynamic information
management principles, which makes it possible to
identify restrictions and limitations. This concept of the
Integrated Management System operation is based
upon the separation of static and dynamic information
as well as its graded use in the context of
implementation of retroactive, proactive and predictive
approaches to the management during the services
provision.

Retroactive approach is based on the
application of corrective measures on the ground of
static information received after the fact of a non-
conformance or an occurrence has already happened.
Distinctive items of static component for this approach
are the results of relevant audits (inspections) and
investigations of occurrences in the course of which the
facts of incompliance with the established requirements
are recorded. [3,4]

Proactive approach combines application of the
static component’s information particularly analytic
efforts and project evaluation in order to manage or take
appropriate corrective measures before the fact of non-
conformance or an occurrence has already happened.
Analytic efforts and project evaluation towards the
changes enable the development of preventive
measures concerned with the services rendered
together with other items of static and dynamic
components.

Predictive approach involves application of
dynamic information. Such an approach to management
processes enables non-conformances identification
under conditions of day-to-day operations of the ANS
system and taking adequate measures for it correction,
based on prompt response and predicting the actual
state of services if relevant deviations, occurrences, etc.
are present [6,7,8].

According to the information received from the
results of operation of static and dynamic components
of information collection process, routine and periodic
analysis, management review, risk assessment and
other measures the appropriate corrective measures are
being developed. The above measures address the
following:

e Development of non-conformances correction
strategy;

e Approval of non-conformances correction strategy;

e Allocation of responsibilities on non-conformances
correction;

e Execution of non-conformances correction strategy;

e Development of preventive measures which will
disable recurrence of non-conformances in the field

of services provision[3,4].

© 2017 Global Journals Inc. (US)

Corrective measures are planned in line with the
procedure for planning of the Integrated Management
System operation.

Turning now to a description of the major trends
in the matter of rational choice of strategies aimed at
ensuring and maintaining a guaranteed result, it is
necessary first of all to emphasize that the activity is no
unambiguous relationship between the prediction of the
results (outcomes) and the problem of decision-making.
It has been said that the chaos of possible outcomes
facing the decision maker; At the same time, decision
should be made, and it should eventually be uniquely. It
is important to draw attention to the fact that even the
mathematically and the information problems of
forecasting and decision-making is usually not the
same.

At present there are the following principles of
rational choice.

Isolationism- replacement of the i-th participant only its
criteria so as to reduce the number of variables that
affect the i-th criterion of efficiency, and ideally to reduce
it to the criterion of the type that has to be optimized and
no matter what the rest of the participants. This method
of action is generally accepted in the presence of
random factors as efficiency criterion is replaced by its
expectation.

Collectivism- introduction of a single general criterion
(general purpose) for the group participants. In this case
we speak of coalition and compromise between the
parties. The second principle is the formation of rational
strategies in the pursuit of good mutual awareness,
allows for constant performance criteria form a rational
strategy.

The quest for knowledge as the basis of rational
choice behavior, of course, is not contrary to the first
principle, but rather complements it. For example, the
coalition unthinkable substantially without a collective
sharing of information, and the extracted individual
information reduces the amount of required clotting
individual member separate criterion.

The third and very important principle of
developing rational behavior consists in the pursuit of
sustainability, understanding which vary widely. Here,
above all it deserves special mention the principle of
guaranteed result calling side operates with the lack of
information based on the consideration of the worst
possible situations, taking into account available
information. It is widely understood principle of
guaranteed result can be applied in the selection of
rational strategies and the results expected. This
principle includes, of course, the usual maximum is
used in an antagonistic activity and interaction with the
environment, but is not limited to it.

It should be emphasized, however, that a
reasonable reduction of the number taken into account
the values of x1 is reasonable and even an inevitable



step. Such a process usually referred to as the method
of test, and the 'choice of variables accounted for xx,
usually performed by expert procedures.

The most common form of representation of the
relationships and interactions of disparate processes
and events is a cause-and-effect relationship. [7, 8, 9]

The causal relationship and interaction of
processes, events and phenomena in real systems are
formed and implemented between objects of different
nature. Related technological, informational,
administrative, economic, social and other processes
are combined in a complex interaction, which is
currently not sufficiently precise and easy to use
mathematical models. Development of models and
methods focused, usually for a specific kind of process
and results in a formal apparatus, which is not always
convenient to combine disparate processes, objects
and phenomena. With the development of common
models and methods for solving problems with the use
of such models is needed to move from specific and
specialized concepts to more general categories of
causation. An important and crucial tool models are
tangible, imaginable, math.

Isolation in a variety of interactions between
objects (processes, events, phenomena) causality is
fundamentally difficult.

One option for harmonization of the complex set
of developers and users is the availability of the
agreement the developer and the user of the universe of
objects, processes, events and phenomena used in the
synthesis of the complex. Cybernetic sense of purpose
related to the behavior of cybernetic systems, presented
the process of changing states of the system and the
achievement of the desired state of the system. This
behavior can be represented by a phase trajectory in the
space of states of the system and the set of all possible
trajectories of the phase picture [9].

Model is not a second copy of the original. The
model contains or may contain:

e Properties that are available and the original,

e Properties only model,

e Properties for which is not yet known that they
belong to the original.

The mathematical models of the iconic, not all
designs have a direct interpretation in the model
application. Broadly speaking, the development of the
formalism of causal systems connected, first of all, with
the desire for representation of determinism in the
interaction of system components and system actions.
"In order to use mathematical methods for the analysis
of those or other processes necessary for a
mathematical description of this process, ie, a
description of the language of mathematics. It is what
we call a mathematical model." The human mind from
the experience tends to perceive reality through the
causality. It comes down to a causal relationship.

In assessing the overall meaning of the
exchange of information, it should be noted that it
should help to reduce the uncertainty in the production
process, leaving a narrow variation limits for the
selection of operators - in a word, to make the situation
more definite.

So, it is advisable to introduce the information
sent by one operator to another.

Intuition and  experience  suggest the
reasonableness of collective decisions. One can
distinguish three levels of collective action operators

m(m < i’l) (we assume that the coalition includes the

first m operators):

The exchange of information on activities and
process conditions;

The joint selection vector xe= {xx,. . xm) on the
basis of a joint information;

The pooling of resources and the subsequent
selection of a joint course of action, based on the
combined resources.

It is clear that each successive stage creates
great opportunities coordination. The possibility of
combining in the second or third stage is, in fact,
collective rules of conduct, collective strategy.
Unification, producing such a strategy, according to
tradition will be called coalitions.

A very common type of collective aspirations
should be considered joint mixed strategies -

distribution laws @, = X, ,depending, in general, on
the elections xpperators that are not included in the
coalition, and natural uncertainty ﬂ Thus, you can
enter @,, the same as previously defined x;

The use of mixed strategies associated with the
introduction and averaged criteria coalition:

w, = Iwidwc (x.),i=1..m.

Regarding the criteria for operators outside the
coalition, they are averaging can only be discussed as
one of the possible options. Notice that pure strategies
take the form coalition xe(xt+1 , . . ., xn, P) = xc. The
set of admissible strategies of the coalition will be
denoted by Xc; these designations may be
accompanied by a number | coalitions, such as xc7.

In discussing the possibilities of coalition cannot
forget about the additional interactions between the
members of the coalition, and between members of
coalition and the rest of the operators, although they can
be considered as already included x,, in the future,
given their importance, we usually write them separately.
Therefore, together with xewe consider the vector

ZCZ{Z z } representing the additional

clir v “cem
interaction of the coalition as a whole.
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Then the performance criteria can be written as:
W, = ﬁ(X,ﬂ)+Zi +u11i ::L---,m,
w, = fi(x, B)+t, +v, i=m+1..,n,

where the coaliton chooses Z; Ujand Vyandt,

determined by the actions of other operators. If the
coalition is exchanged only with additional interactions
between its members, the

w,=f.(x,f)+z,i=1...,m,
w, = f.(x,f)+t,i=m+1,...,n,

where now

m m n n

As ftraditional research has not led to a
manageable and unambiguous guidelines, we shall
proceed from the inability to complete the formalization
of the problem of rational choice, including the choice of
coalitions is now necessary to study the process rather
particular form, but the study of the processes of rational
choice in which it should be possible exhaustive. In
addition, analysis of the question of the benefit of joining
the union of different species, taking into account
possible changes in the mutual awareness of the
players. This analysis may be, will reduce the amount
considered coalitions and thus make the task of rational
choice more transparent. For all these purposes, it is
desirable to create a sufficiently flexible formalized
description of the behavior of the coalition, similar to
reality and yet is relatively simple [9].

It seems that one way of formalizing this is the
introduction of the common goals of the coalition,
reflecting a compromise between the respective
characteristics of the operators. Thus, the coalition turns
as if to a single operator.

Of course, the efficiency criterion of the coalition
can be anything. However, judging from this, it will be
difficult to introduce the study of collective action in any
foreseeable limits. It is desirable to limit the kind of
reasonable compromise criterion on the basis of
common sense and the possibilities of mathematical
research. Of course, there should be enough space for
informal selection criterion performance compromise.
[4,5,6,7]

© 2017 Global Journals Inc. (US)

The strategy of ensuring the guaranteed
security and reliability of ATC determines a set of
approaches, principles and measures that ensure the
stable functioning of the blood pressure with the
specified safety and reliability indicators. Today,
administrative, legal, economic, technical methods and
tools, as well as methods and means of risk assessment
are advocated. Risk is usually assessed as a
combination of the probability of occurrence of a
dangerous event and its possible consequences.
Recently, risk assessment has become increasingly
important in security management. At the same time, the
basis of safety management are the following principles:

e Absolute safety does not exist - after acceptance

protective

Actions there is always some residual risk;

e Safety is reached by decrease in risk to established

o Admissible level, at the same time the residual risk
is below admissible level;

e The admissible risk level is established and
corrected at all stages of life cycle of the object or
process connected with safety.

Here first of all deserves a special mention of
the principle of the guaranteed result that is called
operates the party at insufficient knowledge to be based
on consideration of the worst possible situations taking
into account the available information So widely clear
principle of the guaranteed result can be applied also at
the choice of rational strategy, and at assessment of the
expected result. This principle contains, of course, usual
maximized used at antagonistic activity and interaction
with environment, but to it is not built at all.

The risk management system is a tool for
supporting management decisions based on the
assessment of the risks associated with traffic safety. In
order to provide a given level of security, risk
management should be effective and of a systemic
nature. The risk management process can not be
carried out without identifying the strategic, tactical and
operational objectives of the MA.

To implement risk management related to
security movement, necessary task solution is shown in
the fig.1.



Obijectives of strategy of the guaranteed safety
and reliability of functioning of aviation activities
in interrelation with a corporate risk
management system

L
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risk admissible divisions of
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Fig. 1: Objectives strategy of the guaranteed flight safety
level.

The purpose of the management of risks related
to traffic safety, is to reduce the existing levels of risk to
the established level and to maintain the achieved levels
of risk at the established maximum allowable level. The
main tasks of risk management related to traffic safety:
quantitative, semi-quantitative or qualitative assessment
of the levels of risks of different types; development of
criteria for establishing acceptable levels of risk and
effective measures to reduce risks to established
admissible levels; analysis of the hazards that arise as a
result of security breaches movement and systematic
assessment of the conditions of production or activity,
are considered potentially dangerous; ensuring the
management of risks in accordance with the rules, rules
and procedures, the execution of which has been
ordered by international and corporate standards.

[11.  CONCLUSIONS

Total actual damage due to accidents and other
adverse events is determined by the sum of these
components as a consequence of the damage of each
individual event, and taking into account the real
damage for a certain period. To correctly predict the
losses need to evaluate two factors determines their
value: the average value of the expected losses in the
event of an accident or an event and the probability of
an accident or event.

In some cases, implemented in the area of
guaranteed safety of air navigation services investment
project is aimed at reducing the incidence of accidents
and events. In this embodiment, a complex calculation
that takes into account all types of losses should be
performed. Building a risk management system in the
area of guaranteed safety and reliability of air navigation
services, it is necessary to provide:

e Full and timely implementation of measures aimed
at achieving the strategic security objectives;

e Optimal use of resources allocated to the
investment; obtaining additional effect due to
optimal matching of mutual investment projects
implemented, including their location and the time
of implementation;

e More efficient use of technical means used and the
optimal use of the results of projects implemented in
previous periods.

On the basis of the strategic objectives in the
field of safety and reliability of air navigation services
need to solve a number of the following tasks:

a) Objectives of the formation and perfection of
normative-methodical ~ safety  and  reliability
management database

i. The revision and updating of the existing regulatory
framework and its harmonization with international
standards.

i. Development of normative-methodical documents
aimed at improvement of safety management
practices.

ii. Development and implementation of  risk
management practices related to safety, and the
development of a safety management system.

iv. The development of guidelines and training material
for the development and assessment of safety
culture.

b) Challenges for the development of technical and
technological base

i. Development and implementation of measures to
upgrade the technical technological base
associated with safety and reliability of air
navigation services.

i. Conducting periodic analysis of efficiency of the use
of technology and the results of the ongoing
scientific and technical work.

c) Challenges for the development of human resource
capacity in the management of safety and reliability
of the transportation process

i. Improving personnel management system relating
to safety and reliability.

ii. Adaptation of vocational training to the changing
technological requirements.

ii. Organization of training processes
management practices related to safety.

iv. Organization of training personnel management
practices, risk and reliability in the stages of the life
cycle of aviation operations.

and risk

d) Challenges for the development of information
technology to ensure the safety and reliability of the
transportation process

i. Creation of information decision support systems to
ensure the safety and reliability.
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Vi.

Vii.

Implementation of an automated knowledge testing
system in terms of safety requirements.
Development and implementation of automated
management systems, risk and reliability in the
stages of the life cycle of the air navigation system.
Improving automated systems to ensure safety
performance monitoring functions of technological
safety processes.

Improvement and development of situational
monitoring and control safety and reliability of air
navigation services, taking into account the existing
political situation.

Improve the recording and investigation of
accidents and liability allocation rules.

Development of methods for identifying causal
relationships safety violations.
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Numerical Studies on Centrifugal Impeller
Performance with Different Lean Combinations

K.V Jagadeeshwar Chary ®, K. Vijaya Kumar Reddy ® & T.Ch. Siva Reddy"”

Abstract- Centrifugal compressors are designed for a given
operating pressure and mass flow rate. These machines are
often run at off-design conditions depending on the
requirement from industrial to Aerospace applications. The
need to maintain relatively high efficiency under off-design
conditions with adequate stall margin makes the compressor
design more challenging. These necessities demand
improvement in the flow conditions through the impeller by
optimizing the vane shape. Much of the research was carried
out on impeller vane shape to minimize the wake regions at
impeller exit, and one such effort was to introduce a blade lean
at impeller inlet and exit. An investigation from the
experimental studies revealed the authors that the introduction
of lean at exit suppressed the wake flow regions and
henceforth improved the impeller performance either with
improved pressure rise or with increased stall margin. Though
many of the research studies have proven the influence of lean
on the change in the Centrifugal impeller performance, the
study was pertained with a combination of positive inlet and
exit leans or negative inlet and exit leans that has shown no
change in surge margin improvement. Moreover, the study
pertained to a transonic impeller, and the flow investigations
are confined to two operating conditions only. Considering the
author’s knowledge/experience on the usage of lean, our
current research is aimed to investigate the effect of
combination of positive inlet and negative exit lean on a
subsonic impeller without blade lean whose geometry and
performance has been described by Eckardt (1980).

In addition, the study is further extended to compare
the aerodynamic performance, stability margin and flow
behavior throughout the operating range with the other two
conventional impeller models. These impeller models are viz.,
an impeller with negative exit lean and the impeller with zero
lean. The performance results revealed a noticeable difference
in stall margin among these configurations with no significant
sacrifice in head rise. Detailed investigations of these impeller
models are herewith published.

Keywords: lea angle, stall margin, centrifugal impeller.

. [NTRODUCTION

C entrifugal compressors are widely used in various
applications viz., aviation, oil & gas, refrigeration,
etc. These type of roto dynamic machines are
majorly used in turboprop, turbo-shafts and auxiliary
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power units for air compression due to their high
pressure raising capability in a single stage and their
robustness in case of foreign object damage.
Centrifugal compressors are capable of producing
pressure ratio up to 6:1 in a single stage made of high
strength metal  alloys.  Multistage  centrifugal
compressors are not preferred in aviation industry
because of the huge pressure losses accompanied
when compared to multistage axial flow compressors.
There have been continuous efforts to improve the
performance of centrifugal compressors. To begin with,
the impeller design is initially constrained by selection of
specific speed that predetermines the impeller
characteristics. With the available design concepts viz.,
blade backswept/radial, impeller shroud &inducer
arrangements and the use of splitter blades resulted in
the centrifugal impeller advancements to be exhausted.
Despite this tremendous design changes identified for
the best performance, the flow distribution from the
impeller has always become complex and inevitable.

Compressor performance improvements were
reported by introducing splitter blades [1, 2], tandem
blades [3], three-dimensional impeller design [4, 5].
Elder and Gill [6] showed that the parameters viz.,
inducer incidence, impeller back-sweep angle, number
of impeller and diffuser vanes have the significant effect
on the compressor stability limit. Hildebrandt and
Genrup [7] investigated the influence of different back
sweep angles and exit widths on the impeller outlet flow
pattern of a centrifugal compressor with vaneless
diffuser through numerical simulations. It was revealed
from their studies that the impeller with increased back
sweep provides more uniform flow pattern at the outlet
that would provide better diffusion process in the
downstream.

Further, Moore et al. [8] [9] investigations
realized that the impeller with 0° lean (also, defined as
Skew in some literature) at outlet realized vast
secondary flow losses near shroud region than in any
other interior zone. To suppress these wakes,
introduced a lean concept that allows redistribution of
flow and moving the high loss fluid from shroud region
to hub. By incorporating a lean at the exit indirectly
affects the blade angle distribution as the tangency and
profile smoothness are not to be disturbed as shown in
Fig [1]. A patent by Harada and Shin [10] has disclosed
the lean blade techniques. He claimed that the
compressor performance, including efficiency, can be
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improved by imparting tangential lean to the impeller
blades. Based on the above findings, it reveals that the
overall performance and stability margin of centrifugal
compressors can be improved by introducing negative
lean at the impeller blade exit. Arunachalam and
Nagpurwala [11] have given better approach in
understanding the positive and negative lean affect on
centrifugal impeller performance.

Figure [1]: Blade angle distribution from hub to shroud
[14]

Another study from, Howard et al. [12] has also
reported a study with the simple lean angle at impeller
inlet and outlet as shown in Fig [2]. The numerical
results revealed a marginal improvement in impeller
efficiency with reduced leakage flow at the shroud, while
it lowered the impeller head rise. It was also noticed that
lean angle can control the distribution of static pressure
along the blade height, especially in the rear part of the
cascade which not only reduces the energy losses in
the impeller passage but also improves the downstream
flow.

Based on the author's observations, impeller
with negative lean identified a decent stall margin
improvement compared to 0°. Investigations by analysts
performed on a transonic impeller with positive inlet lean
realized improved operating range with increased
stability margin and acceptable pressure ratio while,
negative inlet lean at the shroud provided the worst
performance.

Figure [2]: Inlet and Exit lean angles Howard et al. [11]

© 2017 Global Journals Inc. (US)

Though the published literatures [12] [13] have
already provided an understanding on change in the
Centrifugal impeller performance, it was for a transonic
inlet conditions. Moreover, the investigations so far
contributed was on combination of positive lean at inlet
and outlet or a negative lean at inlet and outlet with a
transonic flow conditions. our current research is
herewith intended to design a subsonic impeller that has
combination of positive inlet lean and negative exit lean
to provide enough surge margin for steady state
operation throughout the operating range. Henceforth, it
is proposed to develop an impeller model with the
combination of 10° inlet positive lean and 45° negative
lean at the blade exit. These magnitudes are based on
the authors investigations performed in improving
stability margin. Impeller performance with detailed flow
passage investigation is carried out and compared with
the other two models viz., an impeller with No lean and
an impeller with exit lean.

[1. IMPELLER DESIGN AND GEOMETRIC
MODELS

An Eckardt-A type, 1976-80 [15] [16] impeller
operating at a design speed 14000 rpm with a mass
flow at 4.52 kg/s and total pressure ratio of 1.92 is
chosen as BASELINE for our current study. This impeller
has 30° backswept with 0° lean. To validate the tested
impeller, basic sizing of an impeller is obtained by
performing 2D analysis using well-known Jet-wake
theory proposed by Japikse. With the basic geometry
details obtained and with the available blade geometry
information including blade profile and wrap angle
distributions [14], impeller model is generated in ANSYS
Bladegen for arriving to the optimum blade geometry
and validated the impeller performance through ANSYS
CFX with the Eckardt impeller experimental data
available. This impeller model configuration in this report
is hereafter referred as BASELINE MODEL Fig [3a]. After
the successful validation of a BASELINE MODEL, Two
impeller models are developed for performance
comparison, one with an exit lean referred as MODEL A
and the other with inlet and exit lean combination
named as MODEL B as shown in Fig [3bland Fig [3c].
As the lean is obtained by moving the shroud section
relative to the tangential direction, will not disturb the
existing blade profiles and hence minor changes
required to be imposed on deriving Models A and B.

I11. GRID GENERATION AND BOUNDARY

CONDITIONS

Computational model is developed using the
Computational fluid dynamics (CFD) code ANSYSCFX -
13.0. It is a Commercial CFD code capable to solve 3D
compressible Navier-Stokes equations using a finite
volume discretization method. It uses a range of
turbulent models with both logarithmic wall function and
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two-layer approaches to model the boundary layer. A
3D geometric model of the radial compressor stage has
been developed using ANSYS Blade-Gen. Model
created on Blade-Gen platform is imported into ANSYS
Turbo Grid for grid generation. For the current study, a
single passage impeller with 5% radial space is
simulated with low solidity vaned diffuser (LSVD)
configuration at the downstream. A 3Dmesh has been
developed using the H-Grid and O-Grid topologies. The
O-Grid provides a good mesh around the blades while

rest of the passage used H-Grid. Adequate grid is
developed with enough number of cells to capture the
complex flow phenomena like boundary layers, flow
separation, leakage flows and secondary vortices in the
blade passage. Grid independence study was carried
out to get the optimum grid for numerical solution to be
independent of grid. Computational grid with 4, 43,000
elements were generated and the CFD simulations were
performed.

Fig. [3a]: Baseline Impeller

IV.  NUMERICAL ANALYSIS SETUP

After the successful grid complexion completion
of every individual model, numerical analysis is planned
to setup for all these configurations. The inlet of the
computational domain is kept 200mm ahead of the eye
of the impeller to ensure that the inlet boundary
conditions are not affected by the back pressure of the
impeller blade. Ambient states are defined at impeller
inlet duct with zero Pascal as relative pressure and total
temperature of 288 K. The fluid used for simulation here
is air and assumed to be an ideal gas.

K-g turbulence model is preferred with “Stage”
interface  for rotor-stator interaction with 5% of
turbulence intensity. Considering a single passage
configuration, the computational domains are separated
into inlet and impeller domains. The side walls of the
impeller domain are specified with rotational periodicity.
At the impeller solid walls, no-slip boundary condition is
applied and all the solid walls are assumed to be
adiabatic. The hub wall of the impeller is presumed to
be moving with the rotor blade, while the upstream and
downstream hub is made stationary. The impeller
shroud is defined as counter-rotating that allows the

Fig. [3b]: Model A Impeller

L -

Fig. [3c]: Model B Impeller

relative motion between the rotating impeller. As
mentioned earlier, Inlet boundary conditions with total
pressure and static pressure distribution at the outlet are
applied. The fluid time step is given as 0.1/w, where w is
the angular velocity in radian per second. Throughout
the calculation the values of maximum residuals, a
pressure at the outlet, eventually mass flow imbalances
and efficiency were monitored. The convergence
criterion is set for the maximum residuals below 10-4.
Applying the following boundary conditions, a Numerical
analysis is performed by assuming the flow conditions
as axisymmetric with periodic conditions imposed.
Concrete solution is obtained by analyzing the flow
through a single blade impeller passage for all these
three models.

V. NUMERICAL MODEL VALIDATION

A BASELINE MODEL developed with similar
geometric dimensions of Eckardt-A type impeller is
simulated for a constant speed with Standard inlet Total
Temperature and Total Pressure as the boundary
conditions with various static pressures at diffuser outlet
to check for converged mass flow. A design mass flow
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of 4.48 kg/s with 92.6% isentropic efficiency and total
pressure ratio of 1.92 is realized. The numerical results
obtained with LSVD combination may not agree with
performance data reported for Eckardt impeller that was
tested with VLD configuration. However, the values
obtained for the CFD model make sense with
Experimental data [15] [17]. Fig [4] [5] shows the
performance maps generated for comparison. Following
reasons substantiate the discrepancies identified with
the numerical model results.

e Numerical model realizes narrow operating range
than Eckardt impeller. It is fairly expected as the
Test impeller has VLD configuration in the
downstream that has no influence on incidence
effect in off-design condition, since the fluid follows
a logarithmic spiral path.

e Eckardt impeller reported 88.6% gain in isentropic
efficiency and total pressure ratio of 1.90 with
design mass flow of 4.54 kg/s at design speed. The
test data obtained with vaneless diffuser
configuration for Eckardt makes sense when
compared with the numerical model, as the VLD
encounters higher pressure losses over LSVD
configuration.

The other factor for the performance deviation
can be due to the aerodynamic influence of Impeller-
diffuser interaction. Concluding that the performance
divergence between numerical model and experimental
values are acceptable at the design point, the off-design
performance trend was also satisfactory.
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VI. IMPELLER PERFORMANCE RESULTS AND
DiSCuUSSIONS

After the successful validation of BASELINE
MODEL, the improvement techniques revealed from
authors knowledge [11] [12] are applied to investigate
the aerodynamic behavior on MODEL A and MODEL B
for comparing the performance results. Observations
reveal that by imparting lean on the MODEL A, impeller
exit has noticed a considerable reduction in total
pressure losses with an improved stability, while with
added inlet lean to the MODEL B impeller has shown
the additional increase in stall margin with no significant
loss in total pressure. Performance plots are generated
for our discussion herewith. Fig [6] [7] plots show the
Normalized mass flow over impeller pressure ratio and
Work-input coefficient. It is noticed that higher total
pressure ratio is developed with baseline impeller (0°
lean) relative to the rest of the impeller models.
Introduction of negative lean for MODEL A impeller
increases the exit relative flow angle and velocity with
consequent reduction in tangential velocity when
compared to 0° lean impeller. This change in flow
phenomenon resulted to further decrease in work
addition causing lower pressure ratio with improved stall
margin.
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When inlet lean is provided to MODEL B in
addition to the exit lean, the variation of area from Hub
to shroud at inducer influence on the inlet blade angle
variation and hence on the relative flow diffusion along
the blade passage. The consequence of inlet lean
feature resulted to further increase in relative velocity
(reduction in tangential velocity) at outlet, which is
observed on total pressure rise and appreciable
increase in stall margin over MODEL A. Fig [12] and
[13] substantiate the above discussions. Aerodynamic
flow studies at impeller exit on all the three models are
relatively compared at design and two off-design
conditions. At design point, the highest relative Mach
number is observed with MODEL B Impeller over
Baseline and MODEL A impellers. This indicates the
increase in relative Mach number reduces the tangential
velocities (energy transfer) and hence decreases the
static pressure rise as evident from the flow studies.

The calculated efficiencies obtained using
numerical model shown in Fig [8] is always
unpredictable and complex. However, when these
magnitudes are compared looks to be acceptable as
the pressure losses are function of impeller blade
loading. Higher work-input coefficient with baseline
impeller obviously envisages lower total pressure losses
in relative to other two configurations. Following are the
performance parameter observations tabulated below at
design and Off-design conditions for three different
impeller models. Readers are to be noted herewith, the
performance values for Baseline Impeller at®=0.95 is
not reported as the impeller underwent the surge
occurrence near to design point condition.
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Fig. [8]: Normalized Mass Flow vs. Isentropic Efficiency

Table [1]: Performance Studies of three different
impeller configurations

Impeller Type |Parameter ®=0.95 |#=1.00 |®=1.10
Mass flow (kg/s) 448 489
Baseline Pressure Ratio 192 191
Head Coeff. 0.65 0.64
Impeller Efficiency 93.00 93.15
Mass flow (kg/s)  |4.34 4 56 485
Pressure Ratio 188 187 185
ModelA  leaicost  ea  foe2 |05t
Impeller Efficiency {93.5 93.5 92.3
Mass flow (kg/s)  [4.15 454 490
WModel B Pressure Ratio 187 1.85 182
Head Coeff. 0.63 0.62 0.59
Impeller Efficiency 92.70 92.30 92.00
VII. Frow StuDpIES THROUGH

CENTRIFUGAL IMPELLER

From the numerical simulations, stall was
detected in the diffuser ring as flow break down in
between the passage with decrease in stage flow
coefficient. Overload conditions are identified by flow
break down in the diffuser as the flow coefficient is
increased, while the impeller pressure ratio drops to
exceedingly low values. No solutions were pursued
beyond these limits and the below discussion is within
these boundaries to examine the flow behavior.

a) Flow behavior through Meridional plane

The flow field of the impeller without inlet lean
(MODEL A) and impeller with compounded effect of inlet
and outlet lean (MODEL B), are examined through
relative Mach number distribution in meridional planes
at three different flow coefficients. The purpose is to find
possible explanations for the effect of inducer leading
edge on the performance of the compressor. It should
be understood that the change in relative Mach number
along the impeller meridional passage indicates the
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growth in diffusion process. Higher the diffusion rate,
higher will be the pressure rise.

The progressive diffusion along the passage for
MODEL B impeller is slow when compared with the
Baseline and MODEL A impellers as evident from Fig
[9]. This indicates the MODEL B impeller has a lower
decay rate of relative Mach number distribution along
the meridional passage. Accordingly, this flow
phenomenon is visualized with lower pressure rise with
MODEL B impeller when compared to rest of the other
impeller models as realized from Fig [10]. The static
pressure rise at different flow coefficients envisaged the
influence of relative Mach number distribution growth.
The inlet relative Mach number distribution has no
significant change between the three impeller models as
evident from Fig [11]. With inlet lean on MODEL B
impeller, the inducer inlet has variation of area from Hub
to shroud that required the change in inlet blade angle
variation. This feature is believed to influence the
diffusion control along the impeller passage.

b) Relative Mach number envelops and Static pressure
distribution at impeller outlet

The relative Mach number and static pressure
distribution at impeller outlet is understood implicitly with
the change in static pressure imposed at diffuser outlet.
Flow phenomenon observed for the baseline impeller
follow a similar trend as noticed by author Krain H.
[1984]. Fig [12] confirmed or exhibited similar discharge
flow at the exit for the baseline impeller that has low
momentum fluid gathering at SS shroud and high
momentum flow at PS Hub in relative frame. With the
introduction of exit lean (MODEL A), the reduction in
Secondary flow patterns is demonstrated by pushing
the low momentum flow at the impeller exit shroud
suction corner toward the hub resulting a more uniform
flow at the impeller exit. Introduction of positive lean at
impeller inlet in addition to exit lean (MODEL-B) has
further reduced the secondary flow pattern as visualized
in Fig [12] at different flow settings. This observation
indicates a potential for reducing the low momentum
(secondary or wake) zone for designs which have
pronounced impeller exit loading.

Further, the provision of inlet lean at impeller
inlet (MODEL B), the compound benefit is clearly verified
from the flow dynamics showing higher relative Mach
number at impeller exit for design and off-design
conditions while, the Baseline impeller demonstrate the
lowest relative Mach number. This phenomenon reflects
on the pressure rise development for the respective
impeller models as shown in Fig [13]. Similar
interpretation can be made or judged based on realized
relative Mach number at impeller exit.

VIII.  CONCLUSIONS

Numerical investigations have been performed

to determine the effect of the inlet and exit lean
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combinations on the impeller performance and stall
margin. The results of the impeller are agreeable when
looked onto the performance parameters like Work-input
coefficient, Total pressure ratio and stall margin. The
outcome of these parameters realized using MODEL B
is comparable with BASELINE and MODEL A impeller
except the computational values obtained for polytropic
efficiencies. Although the commutated efficiencies are
overestimated throughout the operating range by
various factors, the conclusions drawn are as follows:

e MODEL A impeller reveals an improved stall margin
by 3.1% over baseline impeller, while MODEL B
envisage further better stall margin by 7.4%
compared with Baseline impeller.

e Improvement in surge margin with MODEL B is
significant over MODEL A, due to change in impeller
inlet incidence angle with inlet lean causing further
reduction in mass flow.

e Realized decrease in pressure ratio by 2.6% and
3.65% respectively by MODEL A and B over
baseline impeller at design point.

e The change in pressure ratio at design point is
insignificant among MODEL A and B impellers as
evident from Fig [6]. MODEL B design can be
chosen as the best selection, when stall margin is
the criteria for aerospace applications.

e The operating range is not much affected with either
of any impeller model combination as evident from
Fig [6] [7].

e Ease of improving surge margin significantly with
lean, when engine diameter is constrained in aero
applications.

IX. NOMENCLATURE

VLD: Vaneless diffuser

LSVD: Low Solidity Vaned diffuser
D: Flow Coefficient

PS:  Pressure Surface

SS:  Suction Surface
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Fig. 9: Relative Mach number distribution along meridional plane
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Fig. 10: Static Pressure distribution along meridional plane
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Fig. 11: Relative Mach number distribution at inducer inlet
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The Fellow can earn 60% of sales proceeds from the sale of reference/review
books/literature/publishing of research paper.

Fellow can also join as paid peer reviewer and earn 15% remuneration of author charges and
can also get an opportunity to join as member of the Editorial Board of Global Journals
Incorporation (USA)

e This individual has learned the basic methods of applying those concepts and techniques to
common challenging situations. This individual has further demonstrated an in—depth
understanding of the application of suitable techniques to a particular area of research
practice.

Note :

”

Vil

In future, if the board feels the necessity to change any board member, the same can be done with
the consent of the chairperson along with anyone board member without our approval.

In case, the chairperson needs to be replaced then consent of 2/3rd board members are required
and they are also required to jointly pass the resolution copy of which should be sent to us. In such
case, it will be compulsory to obtain our approval before replacement.

In case of “Difference of Opinion [if any]” among the Board members, our decision will be final and
binding to everyone. Z
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PROCESS OF SUBMISSION OF RESEARCH PAPER

The Area or field of specialization may or may not be of any category as mentioned in
‘Scope of Journal’ menu of the Globallournals.org website. There are 37 Research
Journal categorized with Six parental Journals GJCST, GIMR, GJRE, GJMBR, GISFR,
GJHSS. For Authors should prefer the mentioned categories. There are three widely
used systems UDC, DDC and LCC. The details are available as ‘Knowledge Abstract’ at
Home page. The major advantage of this coding is that, the research work will be
exposed to and shared with all over the world as we are being abstracted and indexed
worldwide.

The paper should be in proper format. The format can be downloaded from first page of
‘Author Guideline’” Menu. The Author is expected to follow the general rules as
mentioned in this menu. The paper should be written in MS-Word Format
(*.DOC,*.DOCX).

The Author can submit the paper either online or offline. The authors should prefer
online submission.Online Submission: There are three ways to submit your paper:

(A) (1) First, register yourself using top right corner of Home page then Login. If you
are already registered, then login using your username and password.

(1) Choose corresponding Journal.
() Click ‘Submit Manuscript’. Fill required information and Upload the paper.

(B) If you are using Internet Explorer, then Direct Submission through Homepage is
also available.

(C) If these two are not conveninet , and then email the paper directly to
dean@globaljournals.org.

Offline Submission: Author can send the typed form of paper by Post. However, online
submission should be preferred.
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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

© Copyright by Global Journals Inc.(US) | Guidelines Handbook .



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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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 .

You must strictly follow above Author Guidelines before submitting your paper or else we will not at all be responsible for any
corrections in future in any of the way.
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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.
e 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
e  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:

Explain the value (significance) of the study

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

® |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.

®  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.

e 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

e |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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