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Design and Analysis of Transonic Wind Tunnel
By T. Kumaraswamy, V. V. S. Nikhil Bharadwaj & Parthasarathy Garre

Abstract- The Transonic Wind Tunnel is used to test aircraft models at speeds from Mach
number 0.2 to 1.4. Transonic flows consist of mixed subsonic and supersonic flow regions.
Shocks can occur in these flows but often do not have a strong enough pressure gradient to
assume flow properties similar to those of supersonic flows. These regions are difficult to model
mathematically because they have characteristics of subsonic and supersonic flows. In this
regard, the paper is aiming towards the design and analysis of the transonic wind tunnel
performance by considering two phases namely automated design and its evaluation. Modern
optimization software is combined with isentropic relations; simulations are analyzed to design a
Mach 1.2 nozzle with maximum test length. The optimal design has an unconventional shape
described as compound curvature, which makes the contour appear slightly wavy in AutoCAD.
The same is evaluated and found satisfactory for the proposed modification of the test section in
the wind tunnel in fluent analysis.

Keywords. transonic, mach number, AutoCadad, fluent, hypermesh, analysis.
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Design and Analysis of Transonic Wind Tunnel

T. Kumaraswamy “ V. V. S. Nikhil Bharadwaj ° & Parthasarathy Garre

Abstract- The Transonic Wind Tunnel is used to test aircraft
models at speeds from Mach number 0.2 to 1.4. Transonic
flows consist of mixed subsonic and supersonic flow regions.
Shocks can occur in these flows but often do not have a
strong enough pressure gradient to assume flow properties
similar to those of supersonic flows. These regions are difficult
to model mathematically because they have characteristics of
subsonic and supersonic flows. In this regard, the paper is
aiming towards the design and analysis of the transonic wind
tunnel performance by considering two phases namely
automated design and its evaluation. Modern optimization
software is combined with isentropic relations; simulations are
analyzed to design a Mach 1.2 nozzle with maximum test
length. The optimal design has an unconventional shape
described as compound curvature, which makes the contour
appear slightly wavy in AutoCAD. The same is evaluated and
found satisfactory for the proposed modification of the test
section in the wind tunnel in fluent analysis.

Keywords. fransonic, mach number, AufoCad, fluent,
hypermesh, analysis.

. INTRODUCTION

est facilities such as wind tunnels require
Tstringent control of test parameters such as

wind speed, temperature, pressure, etc., in
order to satisfy the objectives of the simulation [1].
Gases consist of molecules moving in random
motion with negligible cohesive forces. Depending
on the speed of the gas, it can be approximated as
either an incompressible or compressible
substance. An incompressible substance is one
that does not experience significant density
changes throughout the substance, or the medium.
This situation can be found in low speed flows,
where the kinetic energy is negligible to the thermal
energy found in the medium. Higher speed flows,
where the kinetic energy is comparable in
magnitude to the thermal energy, will have varying
densities throughout the medium and are thus
considered compressible substances [2]. When a
body is placed in a gas flow, disturbances will form
and propagate through the medium. A given
disturbance will affect those molecules closest
to the body and will collide with the surrounding

Author a. Assistant Prof, Aeronautical Department, MLRIT, Hyderabad,
AP, India. e-mail: gps.mirit@gmail.com

Author o: B. Tech Student, Aeronautical Department, MLRIT,
Hyderabad, AP, India.

Author p: Associate Professor, Aeronautical Department, MLRIT,
Hyderabaa, AP, Inda.

molecules. In incompressible flows, the distance
between the molecules will be maintained through
propagation of the disturbance, but in compressible
flows, the molecules will contract closer to each other
before returning to their original distance after the
disturbance [3]. The speed at which a disturbance
propagates through a medium is the speed of sound.
The non-dimensional number that expresses free-
stream velocity with respect to the speed of sound of a
medium is the Mach number (M). Flow properties can
be established by the value of the Mach number. Flows
that have a low Mach number, M < 0.3, can be
assumed incompressible flow, while anything above this
is considered compressible flow. The compressible flow
regime can be further broken down into subsonic flow,
M < 1, transonic flow, 0.7 < M < 1.2, and supersonic
flow, M > 1 [4]. Transonic flow is a special case of
subsonic flow. The transonic flow field is characterized
by regions of mixed flow where there may have been a
shock incident on a surface yielding supersonic flow
upstream but subsonic flow immediately behind it. In
most situations, shocks can be considered negligibly
thin compared to any other length scale in the flow
(thicknesses on the order of 10° cm are typical). In
addition, despite the fact that the Mach number lies
between 0.8 and 1, the analytical solution of the
conservation equations is much more difficult since
neither the elliptic equations used to solve problems in
the subsonic regime nor the hyperbolic equations that
govern the supersonic flow regime are strictly applicable
for the transonic flow regime. There are many
parameters that characterize the TWT such as test
section dimensions, operating characteristics (Reynolds
number, Mach number), general capabilities of the
facility (Mach number range and maximum Stagnation
pressure) [5]. A maximum Mach number of 1.8 is
possible in the transonic test section [6].

II.  DessigN oF TransoNIiC WIND TUNNEL

Computations generally begin at the throat
using a transonic scheme to compute the flow near the
throat, assuming the flow is nearly parallel there. Thus,
the upstream subsonic flow must deliver a nearly
parallel flow to the throat. These transonic schemes are
only valid for Mach numbers very near one and require
some input regarding the shape of the nozzle near the
throat, such as the throat radius of curvature. Full-scale
aircraft or vehicles are sometimes tested in large wind
tunnels, but these facilities are expensive to operate and
some of their functions have been taken over by

© 2014 Global Journals Inc. (US)
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computer modeling and analysis in our case. Testing at
transonic speeds presents additional problems, mainly
due to the reflection of the shock waves from the walls
of the test section. Therefore, perforated or slotted walls
are required to reduce shock reflection from the walls.
Since important viscous or inviscid interactions occur
(such as shock waves or boundary layer interaction)
both Mach and Reynolds number are important and
must be properly simulated by selecting optimum
design of nozzle and then analyzed in CFD.

The wind tunnel consists of five basic parts. The
first part of the design was the contraction nozzle
section that takes the high pressure low speed air from
the settling chamber and converts it to low pressure
high speed flow. The second part that was designed
was the test section where the object being analyzed will
be placed and tested. The choke block was the third
part in the design. The choke block set the Mach
number in the test section by changing the area ratio at
the end of the test section. The diffuser was the forth
designed part, and it reduces the flow speed and routes
it out of the facility. The last part of the wind tunnel
design was the stand. The stand allows for easy
alignment in the settling chamber and for easy
movement of the wind tunnel to storage when it is not in
use. The AutoCAD software was used to model all of the
components for the wind tunnel. An AutoCAD drawing of
the full transonic wind tunnel design except for the
diffuser support is shown in figure 1.

Figure 7 - CAD drawing of wind tunnel

Figure 2 Tetra mesh of wind tunnel

© 2014 Global Journals Inc. (US)

The meshing for analysis was done in
Hypermesh as shown in figure 2. Blow down tunnels use
the difference between a pressurized tank and the
atmosphere to attain transonic speeds at the Test
Section of the wind tunnel so that models of interest can
be tested at transonic conditions for a short duration of
time. The Sizing of Blow down wind Tunnel of 4 X 4 ft
test section for varying M= 0.8 to 1.2 is considered
here. The key driving design factors for wind tunnel can
be the wind tunnel must be able to produce uniform
transonic flow at the design Mach number in the test
section, it must have the flexibility of being able to
operate within a range of specified mach numbers, the
run time must also be sufficient for testing purposes and
theoretical run time calculations were performed in order
to decide on the test section size. The basic fluid
mechanics assumptions made for the flow in the wind
tunnel includes fluid is air, flow is isentropic in the tunnel,
ideal gas and air in the tanks undergoes polytrophic
expansion.

High pressure air storage system will be
dependent on the mass flows required and the
frequency of runs. Pressure storage tanks are available
on the shelf bases which are mounted horizontally or
vertically. Tanks are painted black to absorb heat. They
are provided with safety disk or pressure relief valve. As
air is drawn from the storage, polytropic expansion takes
place within the tank. This results in drop of reservoir
temperature which is very bothersome. Fall of
stagnation temperature causes resultant change in the
stream temperature for a given Mach number. Change
in temperature results in the change of viscosity which in
turn affects the boundary layer thickness. Changes in
Reynolds number and Mach number during a run are
thus consequential to the fall in reservoir temperature.
To maintain constancy of stagnation temperature, it is a
practice to stack the reservoir volume with empty
metallic cans. They serve as heat storing matrix during
compression and release heat during the expansion
process. Another way to maintain the constant
stagnation temperature is by providing heater units in
the reservoir.

The test section is situated downstream of the
Nozzle. The dimensions of the test section were given to
be 120cm X 120cm cross sectional area. The length of
the test section was taken to be 180 cm. The
temperature and velocity turbulence level of the flow in
the test section region is low provided the velocity in the
settling chambers is low and the contraction ratio going
from the settling chamber to the minimum section of the
nozzle is kept large (on the order of 24cm). From the
point of view of the pressure loss calculation, the test
chamber will be considered as a constant section duct
with standard finishing surfaces. Apart from temperature
ratios, pressure ratios, cross-Sectional area ratios, some
other parameters are dynamic pressure, mass flow rate,



test section velocity, maximum velocity and free stream
Reynolds number.

Design of transonic nozzle is passage used to
transform pressure energy into kinetic energy and
delivering flow at transonic speeds. It needs a
combination of convergent and divergent nozzle (CD
Nozzles). To deliver a transonic flow at the desired Mach
number, the flow should be wave free and parallel. An
improper contour results in the formation of finite shocks
inside the nozzle by coalescence of weak waves and
can prevent a uniform flow. The Method of
Characteristics (MOC) provides a technique for properly
designing the contour of the transonic nozzle. A method
of characteristics is a very elaborate procedure for the
creation of an accurate set of data points to create a
nozzle, be it for a sharp expansion nozzle or a wind
tunnel nozzle with a radius placed at the throat for more
uniform flow at the exit plane. A transonic wind tunnel
uses this method to create an expansion nozzle similar
to those found on axisymmetric rocket engines to
expand air to transonic speeds at the test section. The
flow accelerates through a converging duct (M <1) and
arrives at the throat (At) beyond which the geometry for
smooth expansion is derived from the Method of
Characteristics.

A diffuser is a device that is used to convert
kinetic energy into enthalpy, pressure energy for an
incompressible flow. For subsonic or transonic
operation diffuser area increases and for supersonic
flow, diffuser area decreases. In supersonic or transonic
wind tunnels, most commonly used diffuser is of
convergent divergent type (also called the second throat
diffuser).

The supersonic or transonic nozzle is fitted
behind the settling chamber. The settling chamber, to
which a pressure gauge is attached, is used to maintain
the stagnation pressure to provide flow to the nozzle.
Settling chamber is made to with-stand a pressure
about 10 atmospheres. It is made of mild steel usually.

Screens are used in settling chambers to gain
the uniformity in the flow by reducing the turbulences.
The screens are subjected to large stresses because of
the large stagnation pressures used in the tests and
because of the possibility of pressure shocks during the
initial and final phases of the runs. In order to decrease
the stresses, the screens may be placed in such a way
that they present curved surfaces to the stream. Often
supporting screens of large mesh and large diameter
wires are placed behind each screen of fine mesh.

[1I.  ANALYSIS IN FLUENT

Fluent is a state of the art computer program for
modeling fluid flow and heat transfer in complex
geometries fluent provides complete mesh flexibility,
including the ability to solve your flow problems using
unstructured meshes that can be generated about
complex geometries with relative ease supported mesh

types includes 2D triangular-quadrilateral, 3D
tetrahedral, hexahedral, pyramid, wedge, polyhedral and
mixed meshes fluent also allows to refine your grid
based on the flow solution. Fluent is written in the C
computer language and makes full use of the flexibility
and the power offered by the language. Consequently,
true dynamic memory allocation, efficient data
structures and flexible solver control all are possible.
Initial conditions used are the specific heat ratio as 1.4,
the stagnation temperature as 300K, the initial air supply
tank temperature as 300K, the initial tank pressure as 11
bar, final pressure as 7.5 bar, stagnation pressure as 2
bar, the air supply tank volume as 18931m® and n as
0.768 for air as the polytropic exponent of expansion
with 10 number of tanks. The wall boundary conditions
are as shown in figure 3. Analysis results of the pressure
coefficients contours are shown in figure 4.

Figure 3 . wall boundary conditions

Figure 4 : contours of pressure coefficients
IV.

The sizing of the new transonic wind tunnel is
done. The results of CFD fluent keeping Area ratio
constant with change in velocity, static pressure and
pressure coefficient were found satisfactory. A response
surface is constructed from a user-specified set of
contour shapes for optima which is defined as the
shortest nozzle with the maximum test length. This is
achieved by delaying transition along the nozzle wall.
The new design incorporates a section of increased
diameter with the intention of enabling the tunnel to start
in the presence of larger blunt models. The resulting
flow fields are analyzed to see the shock effects and
shear layers have on the test section flow and are good
for nozzle design of Mach 1.2.

CONCLUSION
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Absiract- Composites are becoming increasingly important in the aerospace industry. At least
30-40 per cent of modern airframes are now made of composites, and this percentage is
increasing rapidly due to technological advances in the field. The use of composites for primary
structures such as fuselages and wings has grown significantly in transport aircraft. Apart from
increased strength at lower weights, composites also meet fatigue and damage tolerance, gust
alleviation, and low noise foot print requirements. This paper examines the challenges and
advantages of using composites in airframe manufacture, as opposed to other alloys. It also
looks at the ways and means to ensure that safety and durability are not compromised by the
use of composites. The prime objective of this paper is to highlight the use of advanced
composite materials in the field of aerospace and to encourage readers to understand and to
write papers on such topics.
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Advanced Composite Materials in Typical
Aerospace Applications

Sanjay Kumar Sardiwal “, Md. Abdul Sami °, B. V. Sai Anoop °, Gudipudi Susmita ©, Lahari Vooturi ¥
& Syed Arshad Uddin ®

Abstract- Composites are becoming increasingly important in
the aerospace industry. At least 30-40 per cent of modern
airframes are now made of composites, and this percentage is
increasing rapidly due to technological advances in the field.
The use of composites for primary structures such as
fuselages and wings has grown significantly in transport
aircraft. Apart from increased strength at lower weights,
composites also meet fatigue and damage tolerance, gust
alleviation, and low noise foot print requirements. This paper
examines the challenges and advantages of using composites
in airframe manufacture, as opposed to other alloys. It also
looks at the ways and means to ensure that safety and
durability are not compromised by the use of composites. The
prime objective of this paper is to highlight the use of
advanced composite materials in the field of aerospace and to
encourage readers to understand and to write papers on such
topics.

Keywords: composites, polymers, matrices,
sanadwich structures.

resins,

l. [NTRODUCTION

he need for the highly effective and efficient
Tmaterial which should be concerned with the

ecology — concerned world of finite resources has
led advanced composites to be one of most important
materials in the high technology revolution in the world
today. As we all know if the demand increases, the
availability should also be increasing. The increased
availability of these light, stiff and strong materials has
made it possible to achieve a number of milestones in
Aerospace technology. Metallurgists and designers
have advantageously used these materials in the
construction of modern fuel efficient aircraft, satellites,
missiles, launchers and other space vehicles.

a) What are composites?

They are a blend of two or more materials
and/or technologies brought together to produce an
item giving specific characteristics for a particular
application. The term composite is often used both in
the modern context of Fibre Reinforced Plastics (FRP)
and also in the wider context to cover honeycomb
structures and bonded metal laminates for primary
structural applications.  The  fibers  or  matrix
(resin) alone cannot be used for any applications

Author o o p @ ¥: Department of Aeronautical Engineering, MLR
Institute of Technology, Hyderabad.
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Author §: Department of Aeronautical Engineering, Malla Reddy
College of Engineering and Technology, Hyderabad.

limitations in other properties. Fibers are thin and
integrity is not maintained. Fibers are comparatively
heavier. In matrix materials the modulus and strength
values are less and hence matrix alone cannot be used
for any structural applications. but when these two
materials are combined we get a composite materials
which is light weight, stiff, strong and tough.

b) Why Aerospace?

When it comes to safety and security the
aerospace is one sector which needs a word “super” to
be prefixed with these words “safety” and “security”.
Imagine a structural failure in a car and an airplane. if
the skin of the car gets ripped off while driving no
disaster is going to happen. What if this happens in an
airplane? The picture shown below will speak to you
better.

T

Figure 1 . Fuselage damage to Aloha Airlines Flight 243,
April 1988

[I. COMPONENTS OF ADVANCED POLYMER
COMPOSITES

Advanced polymer composites generally
contain reinforcing fibres in the form of continuous
filamentary tows or fabrics and properly formulated
polymetric matrices. Structural adhesives (mostly in the
form of supported or unsupported film) and honeycomb
cores are also used for making sandwich structures and
metallic laminates.

a) Fibres

Fibres are widely used as reinforcements.
Amongst the fibres available, glass, aramid and carbon
fibres are in extensive use, although boron or other
exotic fibres are also used in modest quantities for
applications requiring very high service temperatures
like the ones which we need for the skinning of the
aircrafts. The properties of glass, aramid and carbon
fibres are given in tables 1 1o 5.
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Table 7. Typical Properties of Glass Fibres

Properties 'E’ glass 'R’ glass 'D’ glass
Density g/cc 2.60 2.55 2.16
Tensile strength, MPa 3400 4400 2500
Tensile modulus, GPa 73 86 55
Elongation at break, % 4.5 5.2 4.5
Filament diameter, u 3-14 3-24 3-14
Table 2 . Typical Properties of Aramid Fibres (1)
Properties Kevlar 49 Kevlar 149
Density g/cc 1.38 1.41
Tensile strength, MPa 3620 3447
Tensile modulus, GPa 127 175
Elongation at break, % 1.85 29
Table 3 : Properties of High Tensile Carbon Fibres (2)
Properties T300 T400 T800 T1000
Density g/cc 1.75 1.80 1.81 1.82
Tensile strength, MPa 3528 4412 5588 7060
Tensile modulus, GPa 230 250 294 294
Elongation at break, % 1.50 1.80 1.90 2.4
Filament diameter, u 7.0 6.8 5.2 5.3
Precursor PAN
Table 4 . Properties of High Modulus Carbon Fibres
Properties M 30 M 40 M50
Density g/cc 1.7 1.81 1.91
Tensile strength, MPa 2920 2744 2450
Tensile modulus, GPa 294 392 490
Elongation at break, % 1.3 0.6 0.5
Filament diameter, u 6.3 6.5 6.3
Precursor PAN
Table 5 : Properties of High Modulus High Strain Carbon Fibres
Properties M 35J M 40J M 46J M 55J
Density g/cc 1.75 1.77 1.84 1.91
Tensile strength, MPa 5000 4410 4210 2450
Tensile modulus, GPa 343 384 440 490
Elongation at break, % 1.6 1.2 1.0 0.5
Filament diameter, u 5.2 5.2 5.1 6.3
Precursor PAN

It is evident that over the years substantial
development has taken place in carbon fibre
development work. Initially the trend was that the higher
the modulli the lower the strengths (table 4). with
improved precursor, method of graphitization and other
parameters the production of fibres with higher strain
was achieved and this has resulted in the availability of
fibres with excellent mechanical properties.

b) Matrix

Matrices are essential ingredients to embed
fibres and provide a supporting medium for them. It is
the ability of the matrix to transfer stresses which

2014 Global Journals Inc. (US)

determines the degree of realization of mechanical
properties of fibres and final performance of the
resultant composites. Stress-strain  behavior and
adhesion properties are important properties are
important criteria which control the ability of the matrix to
transfer stresses. A lot of research is being carried out
on the basic understanding of the relationship between
properties and production of tough, strong and stiff and
environment resistant composite structures. This has
helped in the development of composites having
acceptable properties.



[11. PROPERTIES

a) Toughness

In order to suit themselves for the aerospace
applications it requires greater damage tolerance, high
modulus, high strength and service temperatures of
about 150°C and above.

But there are these factors which affect this
from happening.

In a brittle matrix full realization of mechanical
properties of fibrous reinforcement are not achieved.
Especially, impact properties of resultant composites
are poor. Usually, the toughness achieved by flexibility
of the polymer backbone or by external plasticity by
using reactive dilute. By this method, although the
impact strength is improved, the sacrifice of high
temperature capability is inevitable. Another way of
toughening matrix or adhesive systems is by inclusion of
dispersed phase in the glassy matrix. Although the
mechanism of toughening is not fully conclusive, it is
believed to arise from stoppage or alteration of the
mode of propagation of micro crack(s). Reacting with
CTBN rubbers and alloying with thermoplastics
thermosetting resins can be toughened. It is obvious
that significant achievement has taken place in the
toughening of epoxy based matrices. Composites made
from these new- generation 175°C — curing machines
and recently developed high strain fibres, almost
satisfying the requirement needed for a material to be
used in aerospace application.

TOUGHNESS

12

10

6
I | W TOUGHNESS
a
2 I I I
a T T T T
[

Fa13 Fa200  PREPREG G, F914 F6376

C1: 120C curing epoxy based system not formulated for
toughness

C,: 175C curing system based on widely used MY 720
and DD

Figure 2 comparison of toughness of carbon fiber
composites based on toughened and untoughened
epoxy system

b) Heat, Humidity and Chemical Resistance

Better maintenance of mechanical properties
over a wide range of temperature is an essential for
structural composites. Polymers with higher aromaticity
tend to have higher T, toughness and T, often call for
optimization. Resistance to hot and wet conditions and
various solvents, and fire retardancy is also required.

Composite products which are used for interior
furnishing of civil aircrafts and surface vehicles need to
meet stringent requirements of lower smoke generation
and least toxicity under pyrolytic conditions. Phenolic
resins are chosen as base matrix materials for making
composites for such high heat and fire-safe
applications.

c) Ease of Handling and Processing

Handling and processing characteristics are
equally important. The resultant properties of finished
composite items are dependent on how well the
composite raw materials are manipulated and
processed. Shelf life, tackiness and drapability are the
important criteria for laying up, winding and stacking by
shop floor operators. Specifications in respect of these
are met by judicious selection of hardeners, modifying
additives and other relevant considerations.

The technique of partial advancement of partial
advancement of resin matrices is conventionally
employed in the preparation of fibrous pre- impregnates
which are subsequently used for fabrication of
composite items by heat and pressure. The shelf life of
such impregnates is limited and production of void- free
cured composite items is sensitive to processing
conditions with respect to heating rate, time of
application and duration of pressure and cure
temperature. Dynamic viscosities of two matrices with
controlled flow and a widely used system based on MY
720 and DDS. A straight up simple cure cycle can be
employed for Fibredux 913 (a trade mark of CIBA-
GEIGY) and Fibredux 914 composites systems where as
a dwelled complex cure cycle is necessary for MY
720/DDS system. It is evident that this cure cycle is
difficult to monitor because one has to apply pressure
when a particular viscosity is attained in order to avoid
running away of resin its fluid state. A number of cure
cycle can be employed for a matrix system with
controlled viscosity and reactivity.

[V.  BASIC POLYMERS FOR MATRICES

o EFpoxy Resins
Epoxy resins are still the work-
advanced polymer composites today.

horse of

o Phenolic Resins

Mechanical properties are not good as that of
epoxy resins. However, phenolics are employed for
applications requiring better ablative properties and low
smoke generation.

o Bismaleimides

The class of matrix materials has a higher T,
and acceptable mechanical properties including
resistance to impact. A number of systems based on
bismaleimide resins are accepted for commercial
production. Metamid ™ 5292 A/B bismaleimeide system
has a T, of 270°C and attractive mechanical
properties. This system is based on 4, 4
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a) Themoplastics

Engineering thermoplastics are undergoing
extensive evaluation for their use as matrices. They have
good mechanical and thermal properties. Because of
their excellent fracture resistance thermoplastics are
superior to thermosets with respect to the damage
tolerance as reflected in residual compression
strengths. Residual compression strengths after impact
loading of PEEK and a few thermosets as matrices are
compared in the figure 4. Other advantages are long
storage life short moulding cycle and reprocessibility.
Inspite of the above, lack of long term performance data
is one of retarding factors for their extensive use on a
commercial scale. Some of the important thermoplastics
are Polyether ketones, polysulphides, polysulphones,
and polyamides. And some of the suppliers are ICI,
Dupont, Phillips, Amoco, Ciba-Geigy, rogers, NASA,
General Electric.

b) Prepregs

Pre assembled and impregnated fibres and
fabrics are known as prepregs. Thus are preferred by
users in the aerospace industry as they have the
following advantages:

i. They are supplied in ready to use form. This
eliminates handling of solvents, hardeners,
additives, heat resin and other chemicals

ii. Most proprietary prepegs are based on the state of
the art matrix systems which are developed through
extensive R&D efforts and offer the best properties
with respect to toughness, environmental resistance
and ease of processing to shop floor operators.
These matrix systems are not available as
commodity resins.

ii. Sophisticated equipment is needed for the
production of quality prepegs with stringent
specifications of resin and fibre weight tolerance
and hence capital investment is high. this can be
justified if a large volume is produced and supplied
to many users.

iv. Handling of fine fibre tows for making continuous
unidirectional prepegs needs skill and experience of
the highest order, otherwise the reject rate could be
high.

Several techniques are available for making
prepegs. For high quality unidirectional (UD) prepegs,
matrix film transfer and hot-melt impregnation process is
adopted.

c) Surface treatment of carbon fibre

Bonds between matrices and carbon fibre,
especially of high modulus carbon fibre, tend to be poor
and not adequate for most applications. This has
necessitated treatment of carbon fibre filaments to
enhance interlaminar shear strength (ILSS) of cured
composites. The treatment is based on oxidizing
chemical agents. The treated fibres are given a
polymeric coating before they are sent for prepegging.

V. RECENT DEVELOPMENT IN MATRICES

With the commercial production of high strain
carbon fibres need for newer generation of polymeric
matrices, having higher extensibility and greater fracture
toughness, but without sacrificing high temeperature
capability has become imperative. As a result, R & D
oriented manufacturers of prepegs have undertaken the
task of developing matrices with the following
requirements:

e (Good translation of properties with new high strain
carbon fibres

e Improved fracture and

performance

toughness impact

e  Straight — up cure cycle.
¢ (Good hot wet properties upto 150° and beyond.

e Controlled flow and reactivity built in  matrices for
ease of processing including preassembly before
curing.

To meet the above requirements a number of
matrices have been developed. Other proprietary
product with similar characteristics may be available.
Composite properties of these matrices are given in the
table drawn below.

Matrix and fibre 0° LAMINATE PROPERTIES
Tensile strength Tensile modulus ILSS,MPa G/C (Toughness)
JM-2
F914 + T300 1650 135 118 350
F6376 + 1M6 2696 172 131
F 924 4+ T 800 2610 169 130 666
Vx M18 + M 40JB 2370 221 84
Vx M18 + M 55J 1850 320 65

a) Sanawich Structures
Sandwich structures, consisting of profiled or
rectangular honeycomb or structural foam cores,

© 2014 Global Journals Inc. (US)

bonded on either side to skins of metallic sheets or FRP
laminates, are used in applications where extremes of
lightness and stiffness are predominant requirements.



The last sentenced could otherwise be used to describe
“AEROSPACE APPLICATIONS”.

Figure 3 A graphic indicating how the layers are
arranged

The above picture otherwise depicts the way in
which the different layers are arranged in the form of a

pile.

b) Processing

A number of methods are available for
processing advanced composites. Some of them are
compression moulding, wet and dry winding, Resin
Transfer Moulding (RTM) pultrution and bag moulding
(pressure bag, vacuum bag and autoclave). In
aerospace industry autoclave processing is used
preferentially. For making flat sandwich panels press
moulding is the most efficient and economical method
which is widely adopted. Filament winding is used for
making cylindrical and spherical structures. For mass
production, RTM and pulstrution techniques are
employed.

¢) Applications of Composites - Justification

Applications  of advanced  composites,
especially carbon fibre containing composites are
justified on the following grounds:

e Combination of light weight, high modulus and
superior strength.

e (Good fatigue and corrosion resistance.

e Unique design possibility including ease of
fabrication of complicated structures

e Reduced parts count and hence low inventory and
assembly time

e Low energy requirements of production and Labour
cost of processing

Advanced composites excel over their metallic
counter parts, especially in specific modulus and
strength. Since these criteria have a significant influence
and fuel consumption of aerospace vehicles. Advanced
composites are being extensively and justifiably used in
aerospace areas rather than in other industries. The cost
factor is a detterent for the latter.

VI.

The last yet very important topic in my paper is
this particular topic. Applications of these composites in

AEROSPACE APPLICATIONS

aerospace engineering. Being an aerospace engineer |
must be giving an layout of a/c (it's not air conditioner
this is how we abbreviate aircraft) without possibilities of
amalgamating the above explanations given regarding
composites.

Aft flaps
+ Outboard (graphite)
« Inboard (graphite/fiberglass) ; r:":;’:)
Flap support fairings e
+ Fwd segment (graphite/Kevlar
+ non-woven Kevlar mat)
* Aft segment (graphite/fiberglass)

Tip fairings

Fixed ailing edge
(fiberglass) .

panels (graphite/Kevlar
+ non-woven Kevlar mat)

Elevators
(graphite)

Fixed trailing edge panels
upper (graphite/fiberglass)
lower (graphite/Kevlar
+ non-woven Kevlar mat)

Ailerons (graphite)

Engine strut fairings
(Kevlar/fiberglass)

Environmental control

system ducts (Keviar) Fixed trailing edge panels

(graphite/Kevlar + non-woven

Spoilers Kevlar mat)

Nose landing (graphie)

gear doors
(graphite) Wing leading edge lower panels
(Kevlar/fiberglass)

Cowl
<components

Wing-to-body fairings (graphite)

(graphite/Kevlar/fiberglass)
and (graphite/Kevlar +

e Kevioy may * Body main landing gear doors (graphite)

« Trunnion fairings and wing landing gear doors

(graphite/Kevlar)
« Brakes (structural carbon)

Figure 4 . Aircraft’s layout

a) Aircrafts and other air breathing vehicles which can
be airborne

Though the advanced composites in the
construction of aircraft and helicopters, weight savings
of 20-30% are achieved as compared to conventional
materials. Fairings, landing gears, engine cowls, rudder,
fin boxes, doors, floor boards and many other interior
gadgets are made of advanced composites in
combination with metallic and non metallic honey comb
cores and metals. The recently launched prototype of
Advanced Light Helicopter (ALH) is said to have as
much as 60% of the surface area made up of composite
components including advanced fibre components and
metal sandwich structures.

b) Space

Two factors, high specific modulus and
strength, and dimensional stability during large changes
in temperature in space make composites the material
of choice in space applications. Examples include the
graphite/epoxy-honeycomb payload bay doors in the
space shuttle. Weight savings over conventional metal
alloys translate to higher payloads which cost as much
as $1000/Ib ($2280/kg). also, for the space shuttles
remote manipulator arm, which deploys and retrieves
payloads, graphite/epoxy was chosen primary for weight
savings and for small mechanical and thermal
deflections. Antenna ribs and struts in satellite systems
use graphite/epoxy for their high specific stiffness and
its ability to meet the dimensional stability requirements
due to large temperature excursions in space.
Remember ‘aerodynamic heating” during reentry should
also be taken into concern.

c) HRocket and Missiles

Rocket motor cases and liners are made using
composites of carbon, aramid and glass. Formulated
epoxies, phenolics and polyimide materials are being
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used. Carbon-carbon composites are used for re-entry
nose tips and heat shields. These applications, which
require a lower ablation rate, higher bulk density and
superior mechanical strength, are possible with carbon-
carbon composites compared to monolithic graphite.
Carbon-carbon composite items are successfully made
from 3-D fabrics followed by densification process.

VII.  CONCLUSION

The material selection plays a very important
role in the engineering. Aimost everyone knows the story
of “TITANIC”. | am not discussing about the movie but
the engineering behind the failure of the ship. Similarly
there is one area which a lot of concentration in
everything right from material selection to fabrication.
Yes your thought is correct! it is Aerospace sector which
needs a lot of care. Otherwise the consequences will be
drastic.

In our country, although a lot of aerospace
programmes have started using advanced composites,
other industries are not aware of the development in this
ever growing area of composite technology. This is due
to lack of access to this technology and non
implementation of the locally manufacturing prepegs at
a reasonable cost. It is hoped that above the
shortcomings will be overcome in the mere future!! Let
the aerospace sector grow further by making use of this
technology more and more.
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Principle of Quasi Work and its Import on
Structural Analysis

Inder Krishen Panditta

Absiract- Discrete structural models, as a basis for
evolving a new design methodology, created the need
for considering structural configuration as a variable.
Existing energy methods and variational principles do
not provide analysis link between pairs of structural
configurations, whereas Principle of Quasi Work
addresses this need. This is proved for discrete
structural models by adapting Tellegen’s theorem used
in topologically similar electrical networks. Several forms
of the basic theorem and derivatives of Principle of
Quasi Work are deduced. lts import on structural
analysis is examined. Examples of linear and nonlinear
structural systems are included.

NOMENCLATURE

B = Total branch degrees of freedom

b, = Total Degrees Of Freedom (DOF)
associated with direction j.

{d}, = Nodal displacement in system ‘n’.

F = Internal (branch) force.

{F}» = Setof internal forces in system ‘m’.

M., = Support moment reaction at support #.

m, n  =Subscripts denoting topologically similar
systems ‘m’ and 'n’.

N =Total degrees of freedom.

P =External (generalized) force.

{P}» =Self equilibrating set of external force acting
on system ‘m’.

R, =Support reaction at support #.

S =Arbitrary parameter distributed over nodes.

Unm  =Quasi Strain Energy (={F}. {5},)

W,,  =Quasi Work (={P}’ {d},)

AS, =Difference of S between terminal nodes of
branch k.

r, A =Linear operators.

a =A constant.

{6}, =Set of compatible deformations in system ‘n’.

Toum =Quasi total potential.

Author: Professor, Mechanical Eng. Dept.; N. I. T. Srinagar, Hazratbal
Srinagar; J&K; India. e-mail: ikpandita@gmail.com

I. INTRODUCTION

iscrete structural element models characterizing
Dstiffness, inertia and damping properties of

structural elements forming the lower end of the
spectrum of finite elements in evolving a new
methodology termed as Model Based Design, MBD,
was given by Prasad [1]. This method utilizes structural
models as an assemblage of appropriately
interconnected  discrete  elements or  modules
(comprising of such elements). The striking similarity
between such discrete structural models and electrical
networks led to the adaptation of concept of
Topologically Similar Systems (TSS) in the realm of
structural analysis by Pandita [2], Panditta, Ambardhar,
et al [3], Panditta and Wani [4], Panditta, Shimpi, et al
[5], Panditta [6] and Panditta [7].

However, during a search for the analytical
methods suitable for providing an analysis link between
a pair of TSS, a glaring inadequacy of the existing
energy methods and variational principles is noticed.
Exploitation of topological similarity for analysis is
beyond the scope of existing energy methods (Argyris
and Ashley [8] and Shames [9]), variational principles
(Reissener [10,11]) and finite element methods (Cook,
Malkus et al [12] and Akin [13]); since these principles/
methods can be applied only to one structural
configuration at a time.

In this paper, general form of Principle of Quasi
Work (PQW) and its derivatives based on Tellegen’s
theorem for electrical network analysis (Penfield,
Spencer, et al [14]) governing a pair of TSS are derived
and illustrated.

[1. BAsiC THEOREM

Equation for nodal equilibrium in direction ‘j of
a discrete model of any structural system can be written
as:

1

Where, F; is internal (branch) force, P; is external
(generalized) force and b, represents total Degrees Of
Freedom (DOF) associated with direction j.

Multiplication of left hand side of the above
equation with any non-trivial nodal parameter will not
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alter the right hand side of this equation (even if the
resulting product may not have any physical
significance).

Hence, multiplying Egn. (1) by any parameter S
(distributed over the nodes) and taking the sum over all
‘N’ DOF of the system, one obtains:

>

j=1 =

b,

FS;+P;S;)=0 @)
1

First term of the left hand side of Egn. (2) takes
the sum of the product over each branch twice (once on
each node to which these branches are connected).
This is equivalent to taking the sum of the product of the
difference of S between terminal nodes of each branch
(represented as AS) and the force due to this branch at
one of the nodes. Hence, this double sum can be
replaced by a single sum taken over all branches. Thus
Egn. (2) takes the form

B N
D R(AS)-> PS; =0 3)
k=1 j=1

Y b
Where, Bzz %
j=1

Here, ‘B’ represents, in general, the total branch
DOF of the structural system, AS, is a branch parameter
defined as the difference between the parameter values
associated with the pair of the generalized directions
corresponding to the k™ branch DOF and ‘N’ is the total
number of DOF of the system.

The negative sign in Egn. (3) is a consequence
of the definition of F, and AS, together with the
associated sign relevant to the self equilibrating force
system in k™ branch or more generally the k™ branch
DOF (in the sense that there can be more than one self
equilibrating system of forces concurrently in the branch
corresponding to tension, torsion, etc.).

Taking advantage of arbitrary nature of
parameter S it will be prudent to define these S/'s as
nodal parameters of another conveniently chosen TSS
which could be distinctly different from the given
structural system. Equation (3) can then be deduced to
provide the mathematical statement of the basic
theorem as:

B N
D (F), (A80), =Y (B),, (S)), (4)
k=1 j=1

Where, the subscripts ‘'m’ and ‘n’ refer to two
distinct structural systems with topological similarity as
their connecting link. This can also be stated as:

Sum of the product of internal branch forces of
a system with the corresponding branch nodal
parameler differences of another topologically similar

© 2014 Global Journals Inc. (US)

systern is equal to the sum of the product of external
(self equilibrating) noadal forces of the system with
corresponding nodal parameters of the topologically
similar system.

Here, it may be relevant to mention that if noga/
parameter 'S’ is nodal displacement then the proauct
has units of work/ energy and if it represents rate of
nodal deformation then the product has units of power
and so on.

Equation (4) can be written in matrix notation
as:

{F},{AS}, —{P}, {5}, =0 (5)
or (Dmn = Poun —Vmn = 0 (6)

Where, ¢,., represents the first term and ymn
second term in the left hand side of the Egn.(5).

Even though, Egn.(4), Egn.(5), and Egn.(6) are
derived for systems where one deals with discrete set of
finite nodes and branches, this theorem is equally
applicable to continuous structures. Since continuum
can be treated as consisting of infinite DOF and the
above equations can be used for continuum by
replacing vectors by functions and the vector products
by integrals (over the appropriate domain) which
represent the two terms in Egn.(5). Each of the
distribution functions can also be approximated by
appropriate  number of interpolation functions (i.e.
generalised coordinates) and the resulting integrals of
Egn.(5) can also be represented by matrix products
(e.g. as in FEM formulations). In fact, this equation is
very wide in its scope and it can be applied to various
fields of science. It only assumes the state of (static or
dynamic) equilibrium for its applicability.

[11. GENERAL FORM OF BASIC THEOREM

Let I and A be two linear operators which when
operated upon forces F and generalized parameters S
of Egn. (5), result in the most general form of the
theorem:

{LFY{A(AS)}={T P} {AS} (7)

Above equation holds good for any type of
element, loading/ excitation and boundary/ initial
conditions. These operators when operated upon F and
S should not change basic characteristics of F and S.
These operators can be given a broader meaning which
allows these operators to represent TSS also. For
example let I, A represent TSS,, and TSS, respectively,
then Egn. (7) reduces to Egn. (5)

a) Weak Form
Interchanging the role of operators in Eqn.(7)
we get:

{AFY {A(TS)}={AP}Y {T'S} 8)



A linear combination of Egns. (7) and (8) yields:

{TFY {AAS)}+ oAAFY {A(TS)}
={TPY {AS}+a{APY {T'S}

Where, a is any arbitrary constant. This equation
is designated as the ‘weak form’ of the theorem. It will
be useful when the theorem has to be applied twice.

©

b) Variational Form
Taking suitable variations over Eqgn.(6) gives:

s[®,,]1=0 (10)

Since, force(s) F and parameter(s) S belong to
two different systems, it is possible to vary a single
parameter set of one of the systems at a time without
affecting all other parameter sets. This formulation can
have two variants owing to choice of TSS sequence (m
and n). A brief illustration of the concept of TSS adapted
to Structural mechanics follows.

IV. TOPOLOGICALLY SIMILAR SYSTEMS

To evolve the definition of topologically similar
system, one has to go to Egn. (3). In this equation
second term is the summation over nodes hence,
number of nodes in TSS should be same. First term of
the equation is summed over braches hence number of
branches should be same. As it also involves the
parameter AS which in turn involves two nodes to which
a branch is connected hence connectivity of branches
should also be same. If one assures same
interconnectivity of nodes it will in turn ensure that
number of branches is same. Hence, for two systems to
be topologically similar one has to ensure that total
number of nodes is same and connectivity of branches
is also same. Topology can now be defined as unique
layout of nodes with specified interconnectivity of nodes.
Systems with same topology are TSS.

Moreover, in the derivation of this equation the
manner in which a branch force is developed is
immaterial. Hence, systems with same topology (TSS)
may differ in other details (e.g. material properties,
boundary conditions, etc.). lllustrations of pairs of TSS
for discrete structural models and continuum structures
are given in Ref. [3]. For a given problem there are
infinite number of TSS, wherein any branch/ element
parameter can even assume limiting values of zero/
infinity (making such branch/ element on a load path
vanish/ rigid)®. Conditions that continuum system should
satisfy for being TSS have to be derived in each case.
For beams and rods/ shafts conditions have been
derived in Panditta, Ambardhar, et al. [3] and Panditta
and Maruf [4], respectively.

Obtaining equations that can link such systems
would be a boon for structural analysis. If one succeeds
in this crucial step, all advantages of the structural
analysis theorems available for the solution of a single

system can now be extended to an unlimited group of
structures which have topological similarity as their link
(and the only constraint in their choice).

Now, the energy principle (PQW) applicable to a
pair of fopologically similar structural systerms will be
deduced from the basic theorem.

V. PRINCIPAL OF QUAST WORK

If generalized parameters (S), in the Basic
theorem are replaced by generalized displacements (d),
of TSS,, the following Principle of Quasi Work results:

In a pair of 155, quasi work done by (self
equilibrating set of) external forces of any one of the
systems while going through the corresponding
(compatible) displacements of the other systemn, Is
equal to quasi energy aue to internal forces of forrmer
system while going through corresponding deformations
of the latter system.

In the mathematical form it can be stated as:

Wmn = Umn (1 1 )

In case of continuum systems, quasi energy is
computed by utilising stresses of one system and
strains of other system.

a) Proof

By replacing {S}, by displacements {d}, and
branch parameters {AS}, by branch deformations {6},
equation (5) becomes:

{Py.{d}, ={F},{5},

And, hence, Egn.(11) is proved.

Panditta, Shimpi, et al. [5] validated PQW and
derived useful theorems based on PQW for discrete
structural models. Panditta, Ambardhar, et al. [3] after
validating PQW for beams applied it to redundant
beams with advantage. Panditta and Maruf [4] applied
PQW to one dimensional structural elements for getting
deflection without resorting to internal force/ moment
distributions. Panditta [6] used PQW for calculating
nodal deflection of trusses with great advantage and
Panditta [7] applied PQW to columns for obtaining Euler
critical load without resorting to the solution of
differential equations. In the next section direct
application of PQW to indeterminate structures is given.

(12)

VI.  APPLICATION OF PQW TO
INDETERMINATE STRUCTURE
Figure 1a shows a uniformly loaded

indeterminate beam built in at both the ends with length
L and flexural rigidity E,l;. From symmetry and
equilibrium considerations Ry, = Rg = w,L/2 and M, =
Mg. Hence, only unknown to be determined is either M,
or Mg. This given beam is designated as TES;. In order
to apply PQW, a pair of TES is needed. In this example,
a simply supported beam with overhang on both the
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sides as given in Fig.1b is selected as TES,. TES are
topologically equivalent systems in which E; I,= E, |,=
El (for beams). Quasi energy U,, and quasi work W, for
this pair is given by:

Uy =M, L(12M ,—w, I?)] 24 EI
Wy ={Rc (L1 8} +{Rp}{v(3L/ 4)}
HM L' (L)} =0

W,, = 0 as reactions R; = - Ry in TSS, and in
TSS, deflections v (L/4) = v (3L/4) due to symmetry and
v (L) = 0. Applying PQW (i.e. U;, = W,,), one gets MA
= MB = wL%12. It can be seen from this simple
example that PQW connects two distinct structural
systems and provides solution for one system using the
solution of other system. This is not possible through
conventional theorems unless the later beam is a
statically determinate part of the given problem, which is
not the case in the present example.

(13)

W](N;'m}
Al_ "My L My ‘B
Ra B
a) Fixed - Fixed Beam (TSS )]
M, (N.m)
(O] DI
~—L/4—= L/2 s-—L /4
Re Rp

b) Beam wiih Overhangs (TSS )2

Figure 7 Beam with both ends built - in

VII. THEOREMS BASED ON PQW

Counterpart of some of the well known energy
theorems which will be applicable to TSS will now be
derived from PQW. Pandita [6] has obtained deflection
theorem, load theorem (counterparts of Castigliano’s
theorems) and unit load theorem for TSS and has also
derived relative displacement theorem and its two
corollaries which make calculation of nodal deflections
of trusses very easy. Relative displacement theorem?®
does not have its counterpart in structural analysis.
Equivalent forms of some other conventional theorems
are given below:

a) \Varational Principles for TSS

Variational principles applicable to topologically
similar systems can be derived by considering
variational form of Egn. (11):

© 2014 Global Journals Inc. (US)

s, ~w, )=or, =0 (14)

e S m 5d N O 5P, =0 15

1.e ZW = ap. Ofm= (15)
j=1 Jn k=1 Jm

Where, 7, is the quasi total potential.

Making an appropriate choice of variations,
either in forces or in displacements, Eqn.(14) gives rise
to:

0
-z =0
L]

n

0
0 r [ﬂmn
oP

jm

(16)

1=0 (17)
[t may be relevant to state that Egns.(16) and
(17) in respect of Topologically identical systems (when
m=n) correspond to the familiar variational principles
with the significant difference that m,, should be
replaced by the total complementary potential energy.

Unlike in the concept of total potential where
one considers only applied loads and ignores reactions
due to constraints which do no work, in the present
context both applied forces and constraint reactions
have to be considered, since the displacement field of
the TSS can contribute to work terms due to reactions.
Here, the total quasi potential becomes zero which is
not the case of the total potential where the condition of
its stationary value generates the necessary equations.

In Egns.(16) and (17), the term ‘virtual’ is
conspicuous by its absence as here one deals with real
displacements and real forces. Since, both forces {P},,
and displacements {d}, are independent of each other
(as these belong to different systems), it is possible to
obtain variations with either of these. For the same
reason, even the use of the term ‘complementary
energy’ does not find a place in these formulations/
theorems.

b) Reciprocal Flexibility Theorem for 1SS

Consider a pair of topologically similar systems
TSS,, and TSS, with corresponding pair of directions i
and j specified within each of these systems.

For a pair of global directions (i and f) defined in
each of the given pair of 1SS, and TSS,; ratio of d i
(displacement in direction |/ due fo a unit load in
direction i of 1SS,,) and c7m /s directly proportional to
ratio of their respective generalized reciprocal flexibilities
(*;)w and (1 ), corresponding to the pair of directions.
Mathematically, this can be stated as:

ij _ (/fj[)m

18
jn (f;/)n ( )

U

i. Proof
From the definition of flexibility coefficients 7
with respect to a pair of global generalized directions /



and /for a pair of TSS, the displacements in directions |
and i in system m and n respectively are given by:

djm = (f/z)m F
din = (f;‘j)n

By dividing these equations and substituting
P~.=P,=1, one obtains Eqgn.(18) which reduces to
Reciprocal Theorem (i.e. f;=f;), when the pair of systems
is identical.

VIII.

(19)

(20)

APPLICATION OF PQW TO NONLINEAR
STRUCTURE

Application of PQW and its derivative theorems
are given Ref. [3-7] for discrete models® and linear
structures. In this section, an example is included to
illustrate application of deflection theorem® to a typical
nonlinear structure.

a) Mustration: A Typical Nonlinear Structure

Equation for mid span deflection of a simply
supported beam with a nonlinear elastic prop at the
centre and subjected to a general case of transverse
loading (vide Fig.2a) will now be obtained. Here,
nonlinear characteristic of the prop are chosen to be the
same as those used in Argyris and Kelsey [8] while
illustrating the principle of virtual displacement. A typical
symmetric load distribution as in Fig. 2b is chosen to get
expression for mid span deflection as given in Ref. 8, as
a special case there of.

For this purpose, a TSS, is chosen as in Fig 1c,
here, it is termed as TES, by taking E,l, = EI; =El
Displacement of TES, can be written as:

vy (x) = By (x* =2 < x— L >3 —3I%x) 112EI
=Ph v,(x) and

vo(L)=-P L% | 6El =—P, B 1 k

where B =k I}/6EI

(1)

p(x)

.ﬂlllllIIII,I'III,I,IIIIIIlllllm

R, %\R k £ (V) R

a) Nonlinear Structure- General Case (TSS)
L L
x \ \

1
R R: i R
) B (1+aVy/V) .

@

Al

b) Nonlinear Structure - Particular Case (TES )1
P,

B, R‘B
c¢) Simply Supported Beam (TSS)2
Figure 2 Indeterminate Beam on a nonlinear support

The quasi work W, is given by:

2L
Wy = [Ap(h AR ()}, dv
0

+{Rp}, {F, v, (L)},
={B}, "1+ Rp v,(L)]
2L
where, V; = J- p(x) V,(x) dx and
0

(22)

V(L) =v,(L)/ B =-41k
The deflection V at x = L of TES; is:

V=0, iR}, = -p1(V) (23)

Substituting f (V) = V [1+ a/ (1 -V / V)] (vide
Fig. 1b, where V, is the limiting deformation of the prop)
yields the following quadratic equation:

A+ ) (V 1V,)? ~[1+ B (1+a)

(24)

© 2014 Global Journals Inc. (US)

) Volume XIV Issue I Version I E Year 2014

sineering (D
g (

&

| of Researches in Enc

Global Journa



Global Journal of Researches in Engineering (D) Volume XIV Issue I Version I E Year 2014

The value of V, can be calculated for any given

loading p(x). For the typical symmetrical linear load
distribution shown in Fig. 1b, we get:
4 5

- 5RL'  20L 25)
24E1 15EI

It may be noted that Q = 0 results in an
expression for V which is identical to the one given in
Ref. [8], page 10.

[X. [MPORT ON STRUCTURAL ANALYSIS

Introduction of this Principle of Quasi Work
(PQW), in the realm of structural mechanics heralds a
new phase of structural analysis and has the following
unique features:

a) Conventional energy theorems and variational
principles are special cases of PQW and its
derivatives respectively. Hence, this principle has far
reaching utility.

b) It incorporates the advantages of both the force and
displacement analysis procedures and unifies these
distinct procedures.

c) It dispenses with the concept of ‘virtval
displacement’, ‘virtual force’ and ‘complimentary
energy .

d) It offers simpler procedures for redundant structural
analysis.

X.  CONCLUSIONS

e A new theorem in its various forms has been
derived. Though, this theorem has potential for
application in several fields, this paper addresses its
applications to the field of structural analysis
through Principle of Quasi Work.

e PQW has the distinction of being able to form a link
between any two distinct topologically similar
structural systems, thereby, offering a wide choice
for solving complex structural problems. Such a link,
for the first time, has paved way for solution of many
a problem with the help of the solution of a suitably
chosen topologically similar problem. This has
made it possible to have new procedures for
analysis of statically indeterminate structures.

e Conventional energy/ variational principles fall out
as a special case of PQW and its derivatives.

e PQW dispenses with the concepts of virtual
displacements, virtual forces and complementary
energy.

o Utility of PQW through its various derivatives is
demonstrated by its application to nonlinear
structures.

o Versatility of PQW stands already established by

various authors through applications to discrete and
linear continuum structures.

© 2014 Global Journals Inc. (US)
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Aerodynamic Characteristics of a Real 3D Flow
around a Finite Wing

Sanjay Kumar Sardiwal , Md. Abdul Sami °, B. V. Sai Anoop *, Syed Arshad Uddin ®, Gudipudi Susmita ¥
& Lahari Vooturi ®

Abstract-This paper presents a new method of solution for the
aerodynamics of finite-span wings, which overcomes the
difficulties of the previous methods. A lot of disturbance is
created in the air when an aeroplane flies. It is through the
study of these disturbances of the flow past the airfoil, lots of
design considerations are done. In this paper, we design a 3D
air wing and solve the flow equations in a CFD solver and
study the characteristics features of the flow around a finite
wing and the effect of the tip vortices that are caused by the
difference of pressures between the lower and upper portion
around the tips on an air airfail.

Figure 7 : Cross-section of a wing

The design and analysis of the wings of aircraft
is one of the principal applications of the science of
aerodynamics, which is a branch of fluid mechanics.

Little modification in the airfoil has a direct impact on the
performance of an aircraft.

Keywords: finite wing, real 3d flow, vortices, pressure
differences, voriex flow.

. [NTRODUCTION

n airfoil is the shape of a wing or blade (of a
propeller, rotor or turbine) as seen in cross-

section.

(D) Volume XIV Issue I Version I E Year 2014

<]

&

| of Researches in Engineering

(o]
g
5
=)
o
-
(5]
e
3
—~
T
o

Figure 2 :Visualization of vortex flow past an aircraft
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Here, we design a 3D air wing and solve the
flow equations in a CFD solver and study the
characteristics features of the flow around a finite wing
and the effect of the tip vortices that are caused by the
difference of pressures between the lower and upper
portion around the tips on an air airfoil. Better
visualization of this vortex flow past an aircraft helps in
optimizing the design of a wing.

[1. DISTURBANCE OF FLOW PAST AIRFOIL

-

Figure 3 Disturbances created on an aircraft

A lot of disturbance is created in the air when an
aeroplane flies. It is through the study of these
disturbances of the flow past the airfoil, lots of design
considerations are done. Performance of the aeroplane
is directly related to the size & shape of airfoil. A
considerable difference is seen between the airfoil of the
commercial airlines and the defense plane as most of
the time better optimized airfoil leads to bad fuel
consumption because of the huge drag and vice versa.

Front View

[11. DESIGN, DATA GENERATION AND
VISUALIZATION

Some of the important works done on Airfoils
have been studied before solving this problem. This
paper serves as a basis for understanding, designing
and solving the flow problem.

A detail of the literature survey done has been
included in the references list.

The Ansys workbench has a comprehensive list
of software for doing various Structural and Fluid
analysis and is also equipped with superior visualization
capabilities which are in par with any other dedicated
visualization software’s. This workbench has been used
for designing, solving and visualizing the results.

Execution of the Project:
The project is executed in three phases.
e Pre-processing

o Design of the model is done using Sumo-2.4.1
and Design Modeler

0 Meshing the model in Ansys workbench
e Solving
o Solving using CFD package Ansys Fluent
e Post-Processing
0 Analyzing the results using various visualizations
0 Interpreting the results
a) Pre-Processing
The design of the air wing is done using SUMO

2.4.1 and the wing is imported into Design Modeler to
create far field.

Isometric View

Figure 4 : CAD model of the 3d Air wing with the far field-



A medium size mesh is used for meshing

purpose. A refinement of the mesh is done near the
wing region as it is the focus of our interest.

T AT AT AT AT
AT AT Q}.!;"! o

Figure 5 :Mesh of the entire domain

b) Solving

In the next phase, the various parameters of the

flow is assigned to the model and also the boundary
conditions are set and is solved using the CFD solver in
Ansys Fluent.

The following are the details of the flow:

c)

Flow type: Inviscid Flow

Solver Type: Pressure Based

Discretization Method: Finite Volume Discretization
P-V coupling: SIMPLE Algorithm

Turbulence: Spalart-Allmaras (1 equation)

Post-Processing
From the data that is generated, the flow is

visualized using various visualization tools like contours,
vector visualizations, particle tracing etc.
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IV.  RESULTS

Figure 6 Static Pressure and Relative Pressure Contour of the entire domain

From the above visualization, we cannot make data result and we need more refine visualization
any worthwhile inferences or analysis. This is a crude techniques.

a) Slicing of the Pressure Contour

455809
-6 08e-03
-7 23e-03
609803
954803
107802
-1.19e-02
190802

142602 —

-1.53e-02

Figure 7 : Static Pressure contour from the XY Plane
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-1.42e-02
-1.53e-02 I .

Figure 8 : Static Pressure contour from the XZ Plane
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o 4
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Figure 9 : Static Pressure contour from the YZ Plane

We sliced (cut) the model at the appropriate  wing. From the XZ plan we can observe that the
portion of our interest in all the three planes and we can  pressure difference is caused by the effect of tip vortex.
now clearly see the pressure distribution across the

b) Slicing of the Vectors

o 02

Figure 10 :Vector of the Pressure contour in XY Plane
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Figure 17 . Recirculation of the flow- XY Plane

From the above Vector visualization in XY plane  the difference in pressure across the top and bottom of

we observe the rec

irculation of the flow at the trailing the airfoil. As the angle of attack increases, the lift

end of the airfoil. At small angles of attack, air flows produced by the airfoil increases as well but only to a

smoothly around an

airfoil providing lifting force through  point.
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The tip vortices can be seen at the edge of the wing.
2.01e-01 -== | SYS

1.91e-01

Figure 14 :Nector of the pressure contour of the 3d wing in Isometric view.

From the above figure we can clearly see that there are tip vortices which influence the drag of the airfoil

c) Other Display Options Used In Visualization
Listed below are some of the other visualization tools used in post-processing phase.
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Figure 75 3D Wing Mesh in Ansys Fluent

-2.07e-02 I;,Z

-2.22e-02

Figure 76 3D Wing vector of static pressure with mesh
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Figure 77 . 3D Wing vector of static pressure- Cone Options

Figure 18 . 3D Wing vector of static pressure- headless option instead of arrows
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Figure 79 : 3D Wing Static pressure path lines
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By understanding the data through various @) Other Model Considered- Light Jet Executive
techniques of visualizations, we can modify the shape The Light Jet Executive has been modeled in
and size of the air wing to prevent the tip vortices from  SUMO 2.4.1 and the far field is modeled in Design
influencing the drag which impacts the performance of  Modeler.
the aeroplane.

From slicing and through the methods like
volume rendering, we can have animation of the flow.
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Figure 21 : Mesh of Light Jet Executive
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Although the Light Jet Executive has been
successfully modeled and meshed, there has been
certain constraints due to which it could not be solved.
Some of the major limitation were the problem with
integrating the mesh of the far field with the Light Jet
Executive.

Initial attempts to make the mesh very coarse
were successful however solving the problem gave
totally unrealistic results and was not stable.

V. CONCLUSIONS AND FUTURE WORK

e The air wing and domain is modeled, meshed and
solved and various post processing visualization
options has been used for better understanding &
investigation of the flow.

e Visualization options such as slicing and volume
rendering proved extremely useful for doing the
investigation of flow pattern.

e A better refinement of the mesh and boundary mesh
and implementing better solvers can give accurate
results for the 3D wing which can be potentially be
validated with experimental results.

e An adaptive mesh refinement near the high
gradients especially close to the wing gives more
accurate results.

e Refinement of mesh and better meshing options
required for solving Light Jet Executive Model.
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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.

®  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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ADMINISTRATION RULES LISTED BEFORE
SUBMITTING YOUR RESEARCH PAPER TO GLOBAL JOURNALS INC. (US)

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
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