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Selection of Precise vacuum Pumps for the Systems with 
Diverse Vacuum Ranges 

By H. M. Akram 
Quaid-e-Azam University, Pakistan 

Abstract- Basically a vacuum pump is the most essential component of any vacuum system 
which is accountable to bring into being the required vacuum in the sealed setup, to accomplish 
a certain process. But for the broad vacuum range, all the vacuums cannot be generated by a 
single vacuum pump. Consequently, various pumps of distinct types are used to properly 
generate the vacuum of diverse ranges. Therefore, the selection of suitable vacuum pump or 
pumps to produce the required vacuum, for a particular vacuum work, is of primary importance. 
There are many factors that affect the suitable pump selection. In this paper, proper guidelines 
highlighting key criteria for selecting an appropriate vacuum pump, supportive for proper vacuum 
production has briefly been discussed that can make the task of pump selection simpler and 
exact.   

Keywords: selection criteria, vacuum pumps, vacuum systems, diverse ranges. 
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Figure 1 :

 

Vacuum applications in different vacuum ranges [1]
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Selection of Precise vacuum Pumps for the 
Systems with Diverse Vacuum Ranges

Abstract- Basically a vacuum pump is the most essential 
component of any vacuum system which is accountable to 
bring into being the required vacuum in the sealed setup, to
accomplish a certain process. But for the broad vacuum range, 
all the vacuums cannot be generated by a single vacuum 
pump. Consequently, various pumps of distinct types are used 
to properly generate the vacuum of diverse ranges. Therefore, 
the selection of suitable vacuum pump or pumps to produce 
the required vacuum, for a particular vacuum work, is of 
primary importance. There are many factors that affect the 
suitable pump selection. In this paper, proper guidelines 
highlighting key criteria for selecting an appropriate vacuum 
pump, supportive for proper vacuum production has briefly 
been discussed that can make the task of pump selection 
simpler and exact.
Keywords: selection criteria, vacuum pumps, vacuum 
systems, diverse ranges.

I. Introduction

he vacuum technology is indispensable as well as 
immeasurably used as a parent one for the rapid 
progress of many other modern and sophisticated 

technologies, because it is the most useful tool for a 
common vacuum pool. From its initial association 
with research in physics, the range of applications 
has extended to important sectors of industrial 
activity, including pharmacy, food industry, metallurgy, 
mechanical, electrical, electronics, mechatronics, 
chemical engineering, surface engineering, particle 
acceleration, medical, etc. making an incalculable 
contribution to process effecttiveness, efficiency and 
quality. Therefore, it is almost impossible to list all the 
areas in which vacuum technology is now used. 
Generally group wise presentation of some vacuum 
applications in different fields and ranges is shown in 
Fig.-1[1].

T

Author: National  Institute of  Vacuum Science and Technology (NINVAST),  NCP Complex, Quaid-e-Azam University, Islamabad, Pakistan.
e-mail: hma_pu@yahoo.com



 
 

Figure 2 :
 
Questions before the selection of proper vacuum pump
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For all vacuum concern modern and 
sophisticated technologies, appropriate vacuum 
generations are as essential as these technologies 
them selves. So the proper vacuum generation of broad 
vacuum range is of prime interest and need of the hour. 
For this purpose, a vacuum pump plays the major role, 
selection of which is an important and questionable 
issue. Selecting the right vacuum pump or pumping 
system for a vacuum process is a complex and 
challenging task with the realization that no single type 
of vacuum pump is likely to provide all the characteristics 

necessary to meet all the process requirements. 
Vacuum pump selection not only demands a thorough 
understanding of what you need your vacuum system to 
do, as important is knowing the impact the selected 
vacuum pump will have on the overall cost to produce 
your product, pertaining to cost of ownership and how 
the selected vacuum pumping system will impact 
product quality and / or yield [2]. Before the selection of 
an appropriate vacuum pump for a particular vacuum 
application, one has to come across a variety of 
questions which are planned in Fig.-2. 

For sealed system the capacity of the vacuum 
pump is determined by how fast the system of certain 
volume can be evacuated to a certain vacuum level. 
This capacity is called the evacuation time of the pump 
for that volume. For all such considerations, the 
thorough understanding of vacuum generation 
technology is essential. Vacuum pumps are used for 
vacuum generation in the broad vacuum range from 
atmospheric to Extremely High Vacuum (XHV). Due to 
some physical reasons, it is not possible to construct a 
vacuum pump which can generate the vacuums of 
entire vacuum range. Consequently, a series of vacuum 
pumps is available, each of which has a characteristic 
vacuum production range that usually extends over 
several orders of magnitudes. A variety of pumps have 

to employ to generate vacuum, depending on its 
needed range. These pumps normally fall into three 
different main groups: positive displace pumps, 
momentum transfer pumps and local entrapment 
pumps. A graph of molecular density versus vacuum 
quality, gives up a straight line, consequently defining 
different vacuum levels: ‘Low Vacuum’, ‘Medium 
Vacuum’, ‘High Vacuum’, Ultra High Vacuum’ & 
‘Extremely Ultra High Vacuum’ and corresponding pump 
operation regions: ‘positive displacement region’, 
‘mentum transfer region’ and ‘local entrapment region’, 
as shown in Fig.-3 [3]. Due to the diversity of vacuum 
ranges and pump regions, selection of appropriate 
pump for a particular region is critical.    



 
 

 
 

 
 
 
 
 
 
 
 
 
 

Figure 3 :  Pump classification on the basis of degree of vacuum and molecular density [3]

II. Selection of Vacuum Pumps

To meet the requirements of vacuum system 

pump has to meet up some well-studied criteria. Several 
factors affect proper pump selection process and by 
following it appropriately, the task becomes simpler and 
more specific. Let us now discuss some of the vacuum 
pumps widely employed for industrial use as well as   
R&D and other purposes. Special steps regarding this 
selection process have briefly been discussed in the 
manner:

a) Process Vacuum Range
Vacuum pumps can be grouped by the 

pressure range they measure. Diverse vacuum ranges 
are shown in Fig.-3. Categorically, a pump has to 
generate the vacuum of specific range for a particular 
vacuum system. For this purpose, it is essential to select 
the pump according to the process range of the system. 
For all vacuum applications, pumps are selected that 
are more suitable for these applications. Selection 
criteria of various pumps for varied vacuum ranges are 
briefly discussed on basis of the concept given in the 
graph of Fig.-3 as well as taking into consideration other 
relevant parameters and requirements of particular 
vacuum systems.

b) Pumps for Low/Medium Vacuum  
The pumps used to generate the low/medium 

vacuum in viscous flow are usually positive 
displacement mechanical vacuum pumps. Viscous flow 

is feasible only when there is a bulk of gas molecules, 
and if one part of the bulk is removed, the remaining one 
comes to fill its space. During the evacuation process 

speed of the pump decreases simultaneously and 
ultimoately becomes almost zero at the reduced 
pressure. To focus the stepwise discussion, we will first 
concentrate mainly on vacuum pumps capable of 
producing low vacuum from atmospheric pressure to 1 
torr and medium vacuum from a 1 torr to 10-3torr. The 
mechanical rotary vacuum pumps are positive 
displacement pumps that move fluids by means of the 
motion of rotors, cams, pistons, screws, vanes, etc. or 
mechanical elements in a fixed casing. The mechanical 
vacuum pump, historically the work horse of the industry 
is the oil sealed rotary piston vacuum pump. Therefore, 
the mostly focus is on choosing oil sealed rotary 
mechanical vacuum pumps [2]. 

In the early stages of vacuum processing, the 
rotary vane or piston oil-sealed vacuum pumps provided 
reliable performance. However, due to the demand of 
semiconductor, chemical, industrial and other purposes, 
some vacuum processing problems were soon 
encountered. The aggressive and hostile gases 
resulting from these processes demanded radical 
changes in vacuum pump technology. Initially the 
responses were the modifications to oil-sealed pumps 
for increased corrosion resistance, forced lubrication, 
and the use of expensive inert fluids, filters, traps, etc. 
Although these improvements did increase the 
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entirely, proper pump selection is crucial as vacuum when the bulk of gas molecules reduces, the pumping 



 

 

 

 

 

 

 

Figure 4 :  Schematic of working principle of some positive displacement pumps [6]
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Figure 5 :  Schematic of ejector vacuum pump

Vac. System Port

Motive Fluid 

Diffuser

Discharge Motive Fluid Nozzle

© 2014  Global Journals Inc.  (US)

G
lo
ba

l 
Jo

ur
na

l 
of

R
es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
    
 

(
)

A
V
ol

  
  
 

  

4

Y
e
a
r

20
14

um
e 

 X
IV

  
Is
su

e 
 I
I 
 V

er
si
on

 I
  

compatibility and reliability of oil-sealed pumps, an 
alternative was still necessary. 

Today, the oil-free swept volume vacuum 
pumps can be considered as an alternative when one or 
more of the following characteristics are of prime 
importance: (i) cleanliness, (ii) safety, (iii) corrosion 
resistance, (iv) cost of operation, and (v) cost of 
maintenance [4]. An oil-sealed vacuum pump can 
contaminate a vacuum system by emitting oil vapor 
(back-streaming and back-migration) and all lubricated 
vacuum pumps are potential sources of contamination. 
The only vacuum pumps which will never contaminate a 
system with oil are the oil-free pumps or dry vacuum 
pumps. Some oil-free pumps can be considered as safe 
due to the absence of oil in their design [2]. Good 
examples of dry pump are scroll vacuum pumps.               
Now-a-days many vacuum applications are unthinkable 

without the use of another dry mechanically driven 
diaphragm pumps for gases. Their particular properties 
such as oil-free and uncontaminated operation make 
them suitable for numerous fields of application [5]. 
Sometime rapid evacuation of the system is essentially 
required in the medium vacuum range. For this purpose, 
a roots vacuum pump in series with suitable mechanical 
vacuum pumps is essential. Another class of positive 
displacement pumps commonly known as liquid ring 
vacuum pumps is constantly becoming more important 
in modern plant production processes. Their design and 
principle of operation offers many advantages over other 
types of rotary gas pumps. Liquid Ring Vacuum Pumps 
can be used on a very large scale for widely divergent 
applications. The schematics of some of the positive 
displacement pumpsare shown in Fig.-4[6]. 

Another significant pump of low vacuum range 
is the ejector vacuum pump, sometimes called a jet 
pump shown in Fig.-5. It is the simplest and probably 
most widely used for vacuum production. It works by 
converting pressure energy of a motive fluid into velocity 
energy as it flows through a diffuser. The high velocity of 
the motive fluid through jet nozzle creates the low 
pressure in the vessel to be evacuated. Ejector offer a 

range of attractions: Simple design with no moving parts 
and practically no wear. It can be mounted in any 
orientation and fabricated of virtually any metal, as well 
as various types of plastics. It provides largest 
throughput capacity with lowest capital cost as 
compared to any vacuum producing device. It does not 
need any special startup or shutdown procedures and 
requires simple repair and maintenance. 



 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 
 

 

 

 

 

 

  

 

 

Figure 6 :

 

Schematic of

 

Diffusion

 

Pump working principle

 
 

 

Figure 7

 

: Schematic ofTurbo-molecular

 

Pump working principle
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Figure 8 : Schematic ofIon
Pump working principle

Figure 9 : Schematic of Cryo-genic Pump working 
principle
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a) Pumps for High/ Ultrahigh Vacuum

  

The transient flow regime is with somewhat 
lesser molecular density and molecules do not behave 
like a bulk but act as individual particles that need to be 
removed individually through the process of momentum 
transfer. The pumps utilizing this process are called 
momentum transfer pumps. Two pumps in this low 
density region are of prime interest and are mostly used. 
First, the oldest one is the oil diffusion pump (backed by 
rotary pump), with oil or mercury as working fluid, 
encountering the main problems of back streaming,
back migration and contamination. A good alternative, 
free from all these problems, with better performance, 
and producing clean vacuum is turbo-molecular pump 
(backed by dry scroll pump). The momentum transfer is 
the governing principle in both diffusion and 
turbomolecular pumps, used for various purposes in 
high and ultrahigh vacuum range. The schematic 
showing working principle of oil diffusion pump and 
turbomolecular pump is given in Fig.-6 and Fig.-7

condensed cryogenically. Consequently, two types of 
vacuum pumps namely ion pumps and cryogenic 
pumps are used for the production of high/ultrahigh 
vacuum and ultrahigh/ extreme high vacuum 
respectively. In an ion pump the residual molecules in 
the working vacuum chamber are vanished through the 
process of ionization. In a cryogenic pump, gas 
molecules are condensed on the cold surface by some 
suitable refrigeration arrangement. As long as the 
surface remains cold, the gas molecules will remain on 
the cold surface, creating required vacuum in the rest of 
the chamber. The schematic showing working principle 
of oil ion pump and cryogenic pump is given in Fig.-8
and Fig.-9 respectively.

respectively.

b) Pumps for ultrahigh/extreme high Vacuum

c) Pumping Speed

The molecular flow regime is the region of high, 
ultra high and extreme ultra high vacuum. The principle 

evacuation in this region. The pumps operating on this 
principle are called entrapment pumps. In this least 
molecular density region, the residual molecules are 
either wiped out by the process of ionization or 

Pumping speed is one of the essential
parameters to choose a vacuum pump for particular 
range. It would have its maximum value at the pressures 
which are needed for a specific application. Therefore, 
the knowledge of maximum pumping speed 
specifications of a vacuum pump is very important. 
Pumping speed verses pressure curve for any vacuum 
pump immensely useful because it describes the pump 
performance throughout its probable application range. 

of entrapment of the residual molecules is used for the 
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Other important information to be gained from the 
pumping speed verses pressure curves would make 
certain whether a given pump could meet and maintain 
a specified pressure at specified process gas flow 
adequately. The shape of the curve can easily help to 
make the decision when specific speeds at specific 

pressures are important for the process. Pumping 
speed verses pressure curves can be even more 
important when high vacuum pumps are considered. 
These curves for mostly used vacuum pumps with 
diverse vacuum ranges are given in Fig.-9[7].

d) Environment
The desired vacuum range is not the only factor 

considered when selecting a suitable vacuum pump. 
The operating conditions under which the vacuum pump
has to work also play a significant role. If the vacuum 
pump is operated under the conditions with high risk of 
contamination, vibrations, temperature, pressure, etc, 
consequently there will be large possibility of damage to 
pump, worse pump performance and unnecessary 
maintenance. Other environmental conditions are 
related to health and safety (emissions and waste 
generation, noise, general equipment safety).

e) Process Media
While all the factors regarding proper vacuum 

pump selection are important, consideration for the 
actual process media for which the pump will be 
exposed, is vital too. Some gases from the process 
media may contaminate oil of the rotary pump or
diffusion pump, consequently making the pump with 
poor performance and consequently low ultimate 
vacuum. 

f) Configration
Pump with port size matching with the designed 

port size of the system to be evacuated should be 

preferred. Furthermore, pump should be connected to 
the vacuum system with smallest possible vacuum 
plumbing. It should be recognized during the design 
and equipment selection stage that pumping system 
configuration can be just as important as the pump 
technology and even small changes in configuration can 
make significant improvements to vacuum system 
reliability reducing overall user interference.

III. Conclusion

Vacuum pump is the back bone for any vacuum 
system which should be selected according to some 
consistent and well thought criteria to get essential 
output and effectiveness with required ultimate vacuum. 
Some basic questions should be considered before 
deciding which vacuum pump is the best for a particular 
vacuum application. These include the requirement of 
degree of vacuum, flow capacity and accordingly the 
desired horsepower and speed to meet these 
requirements. Nature of power available, duty cycle 
either continuous or intermittent, ambient conditions and 
space limitations should also be considered. Briefly, 
reducing cost, improving working, expanding 
applications, gaining production, improving efficiency 

Figure 10 : The change of relative pumping speed with pressure of some common vacuum pumps [7]

6

and saving space and energy are all important 
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A Computational Study of Buckling Analysis of 
Filament Wound Composite Pressure Vessel 

Subjected to Hydrostatic Pressure 
Abhijit Dey α, P.L. Choudhury σ & K.M. Pandey ρ 

Abstract-  In this present study the post buckling cha-racte-
ristics of moderately thick-walled filament-wound carbon–
epoxy composite cylinders under external hydrostatic press-
ure were investigated through finite element analysis for under 
water vehicle applications. The winding angles were [±30/90] 
FW, [±45/90] FW and [±60/90] FW. Finite element software 
ANSYS 14.0 were used to predicted the buckling pressure of 
filament-wound composite cylinders. For the finite element 
modeling of a composite cylinder, an eight-node shell element 
is used. To verify the finite element results for comparison, 
three finite element software, MSC/NASTRAN , MSC/MARC 
and an in-house program ACOS were used. Among these 
software’s, the finite element software ANSYS predicts the 
buckling loads within 1.5% deviation. The analysis and test 
results showed that the cylinders do not recover the initial 
buckling pressure after buckling and that this leads directly to 
the collapse. Major failure modes in the analysis were 
dominated by the helical winding angles. The finite element 
analysis shows global buckling modes with four waves in the 
hoop direction. 
Keywords: buckling, thick-wall, composite, hydrostatic 
pressure. 

I. Introduction 

ilament-wound composite materials have been 
successfully used in underwater vehicles and 
ocean structures over the past few years, espe-

cially as composite pressure vessels [1–3]; the use of 
composite materials in civil and military aircraft has also 
expanded considerably over the past few decades due 
to their light weight and high resistance to salt wat-er 
corrosion [4]. Particularly, small underwater veh-icles 
can be manufactured in one piece with composite ma-
terials. Both the filament winding and tape lay-up met-
hods can be used to manufacture a small vehicle with-
out sub-assembly [6]. 
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Although decades of R&D in composite 
materials

 

have focused on aerospace engineering, new 
applications are opening up in various fields where 
weight or resistance to corrosion

 

is critical. Particularly, 
caron composites are considered promising materials 

for future underwater vehicles and ocean structures due 
to their corrosion resistance [5, 7].

 

Buckling has become a dominant failure 
mechanism when compressive stresses generated by 
the external hydrostatic pressure reach elevated levels 
for subsea composite pressure vessel. For an 
underwater vehicle operated in deep sea, hydrostatic 
pressure-induced buckling tends to dominate structural 
performance. Furthermore, a cylindrical structure 
generally experiences unstable buckling, where the 
loadcarrying capability of the structure decreases after 
the buckling [7, 8].

 

Generally, high external pressure vessels such 
as submarine structures have been manufactured of 
high strength steel, titanium and aluminum alloy. Large 
buoyancy is required for the structural weight. 
Accordingly, the weight-sensitive structures are 
expected to reduce weight for faster and more efficient 
peformance. It was observed that the use of composite 
materials for underwater vehicles can reduce their total 
weight and expand the depth of operation because the 
reduced

 

weight can allow for greater structural 
reinforcement [7, 9, and 10].

 

In the present work, relatively thick-walled com-
posite cylinders (radius- to-thickness ratio, R/t = 18.8) 
were manufactured by a filament winding process to 
reduce the material and geometric imperfections for a 
high depth underwater vehicle [7]. The main objective 
of this paper is to investigate the buckling, post 
buckling behavior and failure mode of moderately 
thickwalled composite cylinders with various winding 
angles under external hydrostatic pressure for 
underwater vehicle applications. The helical winding 
and hoop reinforcement ([±30/90] FW, [±45/90] FW 
and [±60/90] FW) were used for the composite 
cylinders. 
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                                                  Figure (a)

 
                          Figure (b)

 
         

Figure 1 : (a) Schematic of a filament-wound composite cylinder with flange (b) Dimension of the cylinder 

II. Specimen Modeling 

The specimens were manufactured by a 
filament winding process using T 700–24 K carbon fiber 
and Bisphenol A type epoxy resin. All of the cylinders 
have a 300-mm nominal inner diameter; a 695-mm 
nominal axial length and an 8-mm nominal thickness 
(see Fig. 1). The cylinders have three different winding 
angles: [±30/ 90] FW, [±45/90] FW and [±60/90] FW. 
The parameters ±30, ±45 and ±60 denote the helical 
winding angle, while 90 is the hoop winding. For 
creating the finite element model, ACOS [15], an in-
house program, was used. The carbon composite 
cylinders were fabricated by a filament winding                
process and tested in a water pressure chamber.                              
Two commercial software’s, MSC.NASTRAN and 
MSC.MARC, were also used for comparison of the 
buckling pressure and mode shape. The nominal 
thickness of the hoop winding is 10% of the total 
thickness. This value was chosen because the best 
buckling pressures are obtained when the hoop ratio 
does not exceed 50% of the total thickness. When the 
hoop ratio exceeds 50%, the cylinders become very 
weak with respect to static strength. In this present work 
the finite element model of composite pressure vessel 
is made by ANSYS 14.0 APDL, finite element software. 

Two commercial software, Msc. Nastran and 
Msc.Marc and Acos, an in-house program were used to 
create the model. The cylinders have a 300mm nominal 
inner diameter, 695mm nominal axial length and an 8 
mm nominal thickness. The nominal thickness of the 
hoop winding is 10% of the total Thickness. In ANSYS 
14.0 APDL a 3D shell element element 8 node 281 
having 6 degree of freedom at each node is used to 
recreate the model. 

 
 
 
 
 

a)  Mechanical Properties

 

Property

 

Symbol

 

Rule of 
mixture

 

Unit

 

Elastic 
modulus

 
 
 

E1 149

 

GPa

 

E2 10.6

 

GPa

 

E3 10.6

 

GPa

 

Poisson’s 
ratio

 

ὺ12

 

0.253

 

- 
ὺ13

 

0.253

 

- 
ὺ23

 

0.421

 

- 
Shear 

modulus

 

G12

 

4.14

 

GPa

 

G13

 

4.14

 

GPa

 

G23

 

3.31

 

GPa

 

III.

 

Finite Element Analysis

 

Finite element analysis was used to predict not 
only the buckling loads but also the post buckling 
behavior. Failure analysis was performed using the in-
house software ACOSwin, which makes possible 
nonlinear and progressive failure analysis. The 
commercial

 

programs MSC/NASTRAN (linear analysis) 
and MSC/ MARC (nonlinear analysis) were used to 
validate the buckling loads.

 

The theoretical background 
for ACOSwin is given in [13].

 

In the finite element 
models, four node elements, CQUAD4 in 
MSC.NASTRAN and Element 75 in MSC.MARC, were 
used. The ACOS program used an 8-node laminate 
shell element that had 5 degrees of freedom at each 
node. In Ansys 14.0 APDL laminate shell element 8 
node 281 having 6 degree of freedom at each node 
were used to predict the critical buckling pressure. For 
non-linear, post buckling behavior, progressive failure 
analysis was conducted by ACOS using complete 
unloading as the stiffness degradation method [16, 17]. 
The stacking sequence of different composite laminate 
with different orientation of fibers has shown in fig.2. The 
enlarge view of stacking sequence and different 
composite laminate with various thickness have been 
shown in fig.3.
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Figure 2 :  Layer stacking sequence of composite pressure vessel [±45/0] FW  

 

 Figure 3 :
 
(a) Finite element model by ACOS win. (b) Finite element model by ANSYS APDL

 
IV.

 
Simulation

 The composite structure that used in under 
water vehicle application, only hydrostatic pressure will 
consider which can apply redialy inward direction over 
the outer surface of the body.

 

The equipment can apply 
pressures up to 10 MPa, which is equal to the pressure 
at a depth of 1000 meter of water. At the left end of the

 composite cylinder all degree of freedom can be 
restricted and at the right end only two degree of 
freedom has restricted (x direction & y direction), so that 
the system will undergo only axial deformation.

 

The finite element modeling, meshing

 

and 
simulation of carbon-epoxy composite filament wound 
pressure vessel have shown in figure 4.
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Figure 4
 
:(a)                                                                                                                                                                                      

 

Figure 4 : (c)                                                                                       Figure 4 : (d)

 

 
 

Figure 4 : (a) Finite element model (b) Meshed model (c) Buckling Mode shape (d) Buckling Mode shape (Front 
view) 

 V.

 

Results and Discussion 

The buckling analysis has done by Ansys 
APDL. It has observed that the result for critical buckling 
is good matched with the existing experimental results. 
The figures are describing the comparison study of the 
composite pressure vessels.

 

Table 3 shows the 
experimental and finite element buckling pressure. The 
ANSYS 14.0 APDL results as well as the linear and 
nonlinear analysis results by MSC/NASTRAN, 
MSC/MARC and ACO

 

Swin are presented. In ANSYS 
non-linear buckling analysis has been done. Fig.5 
described the different mode shape obtained by 
MSC/NASTRAN, MSC/MARC, ACOS

 

win and Ansys 
14.0 respectively. Here [±45/90] FW specimen was 
consider for the finite element analysis.
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Figure 5 :  Buckling modes of the [±45/90] FW composite cylinder
 

Table 1 :
 
Experimental And Finite Element Buckling Pressure (Unit: Mpa) 

RESULT OBTAINED
 

BUCKLING PRESSURE
 

UNIT(MPa)
 PERCENTAGE OF ERROR (%)

 

EXPERIMENTAL TEST
 

0.60
 

- 

ANSYS 14.0 APDL
 

0.591
 

1.5
 

MSC.NASTRAN
 

0.677
 

12.08
 

MSC.MARC
 

0.691
 

15.2
 

ACOSwin
 

0.671
 

11.8
 

Figure 6 :  Comparison of experimental and computational critical buckling pressure obtained 
                               

by different software’s
 

 

Figure 7 :
 
Bar graph (a) experimental test result (b) result obtained by Ansys (c) result obtained by Nastran 

                            

(d) result obtained by Marc (e) result obtained by ACOSwin
 

 

VI. Conclusion 

The buckling behavior of moderately thick 
walled, filament-wound, carbon–epoxy cylinders 
subjected to hydrostatic pressure was investigated. A 
total 9 no. of composite laminates has been considered 
for finite element analysis. The different orientation of 
the composite layers has been taken [±45/90] FW. 

Analyses were conducted using the finite element 
package ANSYS 14.0 APDL. Three finite element 
program ACOS win, MSC/NASTRAN and MSC/MARC 
were used to validate the results. A shell element 8 
node 281 was used to create the finite element model. 
The ANSYS shell element model predicted the buckling 
pressure with 1.5% deviation from the other three finite 
element results and experimental results, not 

Pcr

 

(Mpa)

 

A Computational Study of Buckling Analysis of Filament Wound Composite Pressure Vessel Subjected to 
Hydrostatic Pressure

        

© 2014   Global Journals Inc.  (US)

G
lo
ba

l 
Jo

ur
na

l 
of

R
es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
    
 

(
)

A
V
ol

  
  
 

  

13

Y
e
a
r

20
14

um
e 

 X
IV

  
Is
su

e 
 I
I 
 V

er
si
on

 I
  



considering the initial imperfections of the cylinders. The 
results show that finite element analysis with shell 
elements can be used to evaluate the buckling load of 
moderately thick-walled, filament-wound composite 
cylinders under external hydrostatic pressure. 
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During the last few years a number of new constructions of block valves’ drives were developed, 
among which the most promising ones are the drives based on the spiroid transmission [2], the 
harmonic drives with intermediate rolling elements [1] (TOMZEL, SibMash, Gusar) and 
eccentrically cyclo gear boxes (ZAO "Technology Market", Tomsk, Russia). In comparison with 
screw gear spiroid gear has a higher performance coefficient and higher load capacity and has 
better weight and dimensional characteristics, especially in case of steel gear wheels usage.    
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Drives of Pipelines’ Block Valve based on 
the Pan Precess Gear  

V. Syzrantsev α & S. Golofast σ 

 

owadays in Russia and abroad the majority of 
hand and electric drives are based on a screw 
gear [1]. Despite the results achieved in the area 

of technology of screw gears production by leading 
domestic and international manufacturers and 
successful design arrangement of drive, the low 
performance coefficient of screw gears, limited load 
capacity and significant starting torque make a 
particular negative impact on the reliability of the drive 
when operating in low temperature conditions, and also 
the high specific metal content of drive represent the 
reasons for required development of drives based on 
other gear mechanisms. During the last few years a 
number of new constructions of block valves’ drives 
were developed, among which the most promising ones 
are the drives based on the spiroid transmission [2], the 
harmonic drives with intermediate rolling elements [1] 
(TOMZEL, SibMash, Gusar) and eccentrically cyclo gear 
boxes (ZAO "Technology Market", Tomsk, Russia). In 
comparison with screw gear spiroid gear has a higher 
performance coefficient and higher load capacity and 
has better weight and dimensional characteristics, 
especially in case of steel gear wheels usage. At the 
same time, the relatively high sliding velocity of screw 
turn’s surface and wheel tooth surface in comparison 
with the similar relative velocities of gear and wheel teeth 
surfaces of cylindrical and pan gears leads to significant 
starting torques during the operation of manual drives of 
block valves in severe conditions of operation. The 
harmonic drives with intermediate rolling bodies and 
eccentrically cyclo gear  boxes  have  high  performance  
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coefficient [1] and hence low torque strength during the 

multiple contacts of rolling bodies. At the same time, in 
addition to much more sophisticated technology of such 
gears production in comparison with traditional screw 
gears, the gear’s load capacity with intermediate rolling 
bodies under conditions of their significantly point 
contact even taking into account the multi pair catching 
does not reach the load capacity of cylindrical or pan 
gears with identical weight and dimensional 
requirements.

 This paper presents the results of development 
of block valve’s drives based on the usage of pan 
precess gear [3, 4], which provides the gear ratio of 22 
to 65 at a single stage, with multi pair contact of teeth in 
catching (up to 8 ... 12 pairs), having a high 
performance coefficient (88 ... 90%) and  smooth 
operation in comparison  with increased (up to two 
times) starting torque in case of  identical

 
weight and 

gear ratio based on the screw gear, and in case of the 
equal load capacity up to 40% decrease of specific 
metal content. During the operation, the gear teeth and 
the gear wheels roll of, and do not slide in relation to 
each other as in a screw

 
or spiroid gear, resulting in 

significantly lower starting torque and the ability to 
remain functioning even under the severe conditions of 
operation.

 
 
Fig. 1 shows the kinematic scheme of the 

reductiondrive gearbox with the precess gear. In the 
gearbox the bevel pinion with the number of teeth 1z

 
is

 roughly fixed. On a drive eccentric shaft a double 
gearwheel with gear rims 2z and 3z is located through a 
bearing unit. The output shaft is roughly connected to 
the pan wheel having a number of teeth 34 zz = , and 
set against the shaft on bearings.

 

N 

Figure 1 : Kinematic and sample layoutreducer
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Fig. 1 - Kinematic and sample layout reducer

 

When you rotate the eccentric shaft a pan double gear-
wheel performs complex motion - a rotation around its 
axis, and with the drive eccentric shaft around the axis of 
gear box, causing the rotation of tooth coupling, 
composed of gear rims 3z

 

and 4z . Thus on a double 

gear-wheel located at an angle of 180 º two zones of 
tooth contact are formed: meshed wheels 1z

 

- 2z

 

- and 

in mesh wheels 3z - 4z .The total gear ratio of gear box is 

performed by two gear rims 1z

 

and 2z

 

and is 
calculated as a dependence:

 

)( 122 zzzu −=

 

In Fig. 2 shows the construction of a manual 
actuator valves using precess gear.

 

 

Figure 2 :

 

Drive valves

 

Precess gear, which is generally pan with small 
interaxial angle, can be made with straight, slanting, 
circular, lentoid teeth on gear-wheel

 

and concavo-
concave teeth on wheel. The gear with lentoid teeth on 
gear-wheel and concavo-concave teeth on wheel is 
more preferable, because in comparison with the gear 
with circular teeth with mesh synthesis [5], during which 
the required contact localization is provided, has fewer 
geometric constraints on the technological  process of

 

the teeth cutting by circular cutter head on the tooth-
cutting machines.

 

Developed on the basis of the pan precess gear 
with teeth manual drive for ball valve DU-300 (Fig. 3), 
produced by OOO Firma "STEK" 

 

(Kurgan, Russia), has 
a high load capacity and smooth operation. Under a 
force on the handle of the wheel of 28 kg the starting 
torque on ball valve is 2600 kg, the allowed load 
moment is 5000 kg M. The guaranteed service life is not 
less than 5000 cycles, is confirmed by the results of 
production tests in AK "KOR-VET" (Kurgan, Russia). A 
similar drive for ball valve DU-160 with elongating 
column is shown in Fig.4.

 
 

 

Figure 3 :

 

Ball valve DU-300, the drive based on the 
gearbox a precess gear

 

Drives of Pipelines’ Block Valve Based on The Pan Precess Gear

Figure 4 : Drive of the ball valve DU-160 with extension 
column
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Abstract- In this paper, we study the heat transfer by Natural 
convection in a saturated porous medium including viscous 
dissipation in a vertical conical annular porous medium.  Finite 
Element Method (FEM) has been used to solve the governing 
partial differential equations. Results are presented in terms of 

average Nusselt number (𝑵𝑵𝑵𝑵����), streamlines and isothermal 
lines for various values of Rayleigh number (Ra), Cone angle 
(CA), Radius ratio (Rr) and Viscous dissipation(ε).
Keywords: viscous dissipation(ε), rayleigh number (ra),
cone angle (ca) and radius ratio (rr).
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Porous media     ro

ri

        
      

 
                     z

Figure (A) : Schematic diagram of Vertical  Cone
Filled with porous medium

r

Figure (B) : Mesh Pattern of 
Vertical Cone embedded with 

porous medium

Porous
media

a) List of Symbols
𝐶𝐶𝐴𝐴  Cone Angle
𝐶𝐶𝑝𝑝   Specific heat

𝐷𝐷𝑝𝑝   Particle diameter
g   Gravitational acceleration
Ht   Height of the vertical annular cone
K   Permeability of porous media
P    Pressure

uN    Average Nusselt number
𝑞𝑞𝑡𝑡      Total heat flux

Nomenclature

r, z   Cylindrical co-ordinates

z  r    Non-dimensional co-ordinates
ri , ro   Inner and outer radius
Ra   Rayleigh number

Rr    Radius ratio
Rd    Radiation parameter
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u     Velocity in r direction

w     Velocity in z direction

Greek Symbols

α  Thermal diffusity

βT  Co-efficient of thermal expansion 
ε   Viscous dissipation parameter

∆T  Temperature difference

σ   Stephan Boltzman constant

ρ   Density

γ   Coefficient of Kinematic viscosity

µ  Coefficient of dynamic viscosity

φ   Porosity

ψ  Stream function

ψ   Non-dimensional stream function

ω Wall

∞ Conditions at infinity

h Hot

c Cold

t Total

b)

Subscriptsc)

The effect of viscous dissipation on natural 
convection in fluids has been studied by Gebhart [12] 
for power law vertical wall variation. He obtained a 
perturbation solution in terms of a parameter which 
could not be expressed in terms of either the Rayleigh 
number or the Prandtl number, and observed its 
increasing effect as the Prandtl number increases. Later 
Gebhart and Mollendor [13] obtained the similarity 
solution for the same problem when exponential wall 
temperature variation is used and a  similar trend was 
observed. A comment was made by Fand and Brucker 
[14] that the effect of viscous dissipation might be 
significant in the case of natural convection in porous 
medium in connection with their experimental correlation 
for heat transfer in external flows. The validity of the 
comment was tested for the Darcy model by Fand et al. 
[15], both experimentally and analytically while 
estimating the heat transfer coefficient from a horizontal 
cylinder embedded in a saturated porous medium. Their 
mathematical analysis is confined to studying the 
dissipation effect using a steady, energy Equation, the 
basis of the equation is from the analogy given by Bejan 
[16] for the inclusion of viscous dissipation effects. The 
influence of viscous dissipation can be seen from the 
analogy given by Tucker and Dessenberger [17] to 
model the heat transfer 

The effect of viscous dissipation on natural 
convection has been studied for some different cases 
including the natural convection from horizontal cylinder 
embedded in a porous media by Fand and Brucker [19] 
and Fand et al. [20]. They reported that the viscous 
dissipation may not be neglected in all cases of natural 
convection from horizontal cylinders and further, that the 
inclusion of a viscous dissipation term in porous 

Study of Viscous Dissipation on Natural Convection in a Vertical Conical Annular Porous Medium

T    Temperature

T   Non-Dimensional Temperature

defined large Reynolds number-limit Rayleigh number. 
The non-similar boundary-layer equations resulting from 
the Forchheimer natural convection with power law wall 
variation were solved by Chen and Ho [5].

The transverse thermal dispersion effects will 
become important, and the analysis is dealt with at 
length in works by Plumb [6], Cheng [7], Hong and Tien 

[8], Hong et al. [9], Cheng and Vortmeyer [10], Amiri 
and Vafai [11] etc. All these works confirm the 
importance of the thermal dispersion effect. Except for 
Cheng and Vortmeyer [10], all other works use the linear 
dependence of dispersion diffusivity on stream wise 
velocity. In order to correlate the available experimental 
data concerning the packed beds, Cheng and 
Vortmayer [10] introduced a wall function term into the 
term of dispersion diffusivity.

saturated porous medium. Later Bejan and Poulikakos 
[3] and Bejan [4], by dividing the flow regime into non-
Darcy and intermediate regimes, studied the same 
problems using fluid inertia-buoyancy scaling and 

[2] studied the fundamental problem of non-Darcy 
natural convection from heated vertical walls in a 

I. Introduction

atural convection flow and heat transfer in a 
saturated porous media has gained much 
attention during the past two decades because 

of its wide range of applications in packed bed reactors, 
porous insulation, beds of fossil fuels, nuclear waste 
disposal, usage of porous conical bearings in lubrication 
technology, geophysics and energy related engineering 
problems. A good review of buoyancy driven boundary 
layer flows in Darcian fluid is given in Nield and Bejan 
[1]. When the Reynolds number is high enough for the 
Darcy flow model to breakdown, Pumb and Huenefeld 

N

medium may lead to more accurate correlation 
equations. This observation has been pointed out also 
by Murthy and Singh [21] for the natural convection flow 
along an isothermal vertical wall embedded in a porous 
medium. Recently, Nawaf H. Saeid and I.Pop [22] 
studied the viscous dissipation effects on free 
convection in a porous cavity.

      

    

      

II. Mathematical Formulation

A vertical annular cone of inner radius ri and 
outer radius r0 as depicted by schematic diagram as 
shown in figure (A) is considered to investigate the heat 
transfer behavior in the presence of viscous dissipation. 
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The co-ordinate system is chosen such that the r-axis 
points towards the width and z-axis towards the height 
of the cone respectively. Because of the annular nature, 
two important parameters emerges, which are Cone 
angle (CA) and Radius ratio (Rr) of the annulus. They are 
defined

as
i

i
r

i

t
A r

rrR
rr

HC −
=

−
= 0

0

       ,

Where Ht is the

 

height of the cone.
The inner surface of the cone is maintained at 

isothermal temperature Th and outer surface is at 
ambient temperature T ∞. It may be noted that, due to 
axisymmetry, only a section of the annulus is sufficient 
for analysis purpose. The horizontal surfaces of the 
vertical annular cone are considered adiabatic.

The flow inside the porous medium is assumed 
to obey Darcy law and there is no phase change of fluid. 
The properties of the fluid and porous medium are 
homogeneous, isotropic and constant except variation 
of fluid density with temperature. The fluid and porous 
medium are in thermal equilibrium with these 
assumptions, the governing equations are given by

       

Continuity Equation: 0)()(
=

∂
∂

+
∂

∂
z

rw
r
ru

          

(2.1)

The velocity in r and z directions can be 
described by Darcy law as

Velocity in horizontal direction 
z
pKu

∂
∂−

=
µ

      

(2.2)

Velocity in vertical direction







 +

∂
∂−

= g
z
pKw ρ

µ
                   (2.3)

The permeability K of porous medium can be 
expressed as Bejan [24]

                                  

                          
2

32

)1(180 φ
φ
−

= pD
K                        (2.4)

The variation of density with respect to 
temperature can be described by Boussinesq 
approximation as

  
ρ = ρ∞ [1 - βT (T - T∞)]

  
(2.5)

Momentum Equation: 
r
TgK

z
u

r
w

∂
∂

=
∂
∂

−
∂
∂

ν
β

          (2.6)

Energy equation:               )(
)(

1 22
2

2

wu
CKz

T
r
Tr

rrz
Tw

r
Tu

fp

++







∂
∂

+







∂
∂

∂
∂

=
∂
∂

+
∂
∂

ρ
µα

                     

(2.7)

The continuity equation (2.1) can be satis-
fyed by introducing the stream function ψ as

zr
u

∂
∂

−=
ψ1

                            (2.8)

rr
w

∂
∂

=
ψ1

                           (2.9)

The corresponding dimensional boundary 
conditions are

at r = ri, T = Tw, ψ = 0         (12.10a)

at r = r0, T = T∞, ψ = 0        (2.10b)

(except at z = 0)

The new parameters arising due to cylindrical 
co-ordinates system are

Non-dimensional Radius           
L
rr =          (2.11a)

Non-dimensional Height
L
zz =                        (2.11b)

Non-dimensional stream function
Lα

ψψ =
         

(2.11c)

Non-dimensional Temperature
( )
( )∞

∞

−
−

=
TT
TTT

w

(2.11d)

Rayleigh number
να

β TKLgRa T ∆
=         (2.11e)

Study of Viscous Dissipation on Natural Convection in a Vertical Conical Annular Porous Medium

Viscous dissipation parameter 
pCTK

u
ρ

αε
∆

= (2.11f)

The non-dimensional equations for the heat 
transfer in vertical cone are

Momentum equation:

r
TRar

rr
r

z ∂

∂
=








∂
∂

+
∂

∂ ψψ 1
2

2

           

(2.12)
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Energy equation

                                                                   




















∂
∂

+







∂
∂

+










∂

∂
+








∂
∂

∂
∂

=







∂
∂

∂
∂

−
∂
∂

∂
∂

22

2

2 1111
zrrrz

T
r
Tr

rrr
T

zz
T

rr
ψψεψψ

                                

(2.13)

The corresponding non-dimensional boundary conditions are

at r = ri ,    T=1 , ψ = 0            (2.14a)

at r = r0 ,    T=0 ,              ψ = 0             (2.14b)

III. Solution of Governing Equations

Applying Galerkin method to momentum equation (2.12) yields:

                                       

{ } νψψ d
r
TRar

rrr
r

z
NR T

V

e











∂
∂

−







∂
∂

∂
∂

+
∂

∂
−= ∫

1
2

2

      
                                              

(3.1)

{ } dAr
r
TRar

rrr
r

z
NR T

A

e Π











∂
∂

−







∂
∂

∂
∂

+
∂

∂
−= ∫ 21

2

2 ψψ

                   
                         

(3.2)

where Re is the residue. Considering individual terms of equation (3.2)

                                    
[ ] [ ]

rr
N

r
N

r
N

r

T
TT

∂
∂

∂
∂

+
∂

∂
=








∂
∂

∂
∂ ψψψ ][

2

2

            
                                                

(3.3)

Thus,

                            

[ ]
rr

NdAr
r

N
r

dA
r

N
T

A

T

A

T

A ∂
∂

∂
∂

−Π








∂

∂
∂
∂

=
∂

∂
∫∫∫

ψψψ ][22

2

2

2

                               

(3.4)

The first term on right hand side of equation 
(3.4) can be transformed into surface by the application 
of Greens theorem and leads to inter-element 
requirement at boundaries of an element. The boundary 
conditions are incorporated in the force vector.

Let us consider that the variable to be 
determined in the triangular area as “T” The polynomial 
function for “T” can be expressed as T = α1 + α2 r + 
α3z(3.5)

The variable T has the value Ti, Tj & Tk at the 
nodal position i, j & k of the element. The r and z co-
ordinates at these points are ri, rj, rk and zi, zj, zk

respectively.
Since T = Ni Ti + Nj Tj + Nk Tk               (3.6)

Where Ni, Nj & Nk are shape functions given by

                 A
zcrbaN mmm

m 2
++

=                (3.7)

Making use of (3.7) gives dA
r
N

r
NdAr

z
TN

T

A

T

A 















∂
∂

∂
∂

−=Π
∂

∂
∫∫

3

2

1

2

2

2
ψ
ψ
ψ

                         (3.8)
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Substitution of (3.7) into (3.8) gives 
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    The third term of equation (3.2) gives  dAr
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Since M1 = N1, M2 = N2, M2 = N3

Where M1, M2, and M3 are the area ratios of the 
triangle and N1, N2 and N3 are the shape functions.

Replacing the shape functions in the above 
equation (3.11) gives
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Now Momentum equation leads to 
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Which is in the form of the stiffness matrix [Ks] {ψ} = {f}

Similarly application of Galerkin method to Energy equation gives
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Considering the terms individually of the energy equation and following the same above steps.
We get the stiffness matrix of energy equation as:
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IV. Results and Discussion

Results are obtained in terms of the average 
Nusselt number (𝑁𝑁𝑁𝑁����)at hot wall for various parameters 

such as Rayleigh number (Ra), Radius ratio (Rr) Cone 
angle (CA) and Viscous dissipation (ε) when heat is 
supplied to the vertical annular cone.

The average Nusselt number(𝑁𝑁𝑁𝑁����), is given by 








∂
∂

= ∫ r
TuN

z

0

a)

b)

Figure 1 : Streamlines (left) and Isotherms (Right) for Ra=100, Rr=1, ε=0.01
a) CA =15 b) CA =45 c) CA =75  

c)
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a)

b)

c)

Figure 2 : Streamlines (left) and Isotherms (Right) for Ra=100, CA =75, ε=0.01 Rr=1 b) Rr=5 c) Rr=10 a)
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b)

c)

Figure 4 : Streamlines (left) and Isotherms (Right) for ε=0.003, CA =15, Rr=1 

 

Figure 5 : Nu variations with Ra at hot surface for 
different values of CA at Rr=1,ε=0.003

Figure 6 : Nu variations with Ra at hot surface for 
different values of Rr at CA=75,ε=0.01
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Rayleigh number

Figure 7 : Nu variations with Ra at hot surface for
different values of ε at CA = 75, Rr=1

Figure 8 : Nu variations with ε at hot surface for 
different values of CA at Rr=1, Ra=100

  

  

       

  
Figure 9 : Nu variations with ε at hot surface for 

different values of Rr at CA=75, Ra=100

Figure 10 : Nu variations with ε at hot surface for
different values of Ra at CA = 75, Rr=1

Fig.1 (a-c) shows the streamlines and 
isothermal lines distribution inside the porous medium 
with respect of various values of Cone angle (CA) at Ra
= 100, Rr = 1, and ε = 0.01. The stream lines and 
isothermal lines move away from the cold wall and reach 
nearer to the hot wall as Cone angle (CA) increase. It can 
be seen that the thickness of thermal boundary layer 
decreases with increasing Cone angle (CA). The 
isothermal lines are evenly distributed between the two 
vertical surfaces at smaller Cone angle (CA). The 
magnitude of stream lines decrease with increasing 
Cone angle (CA) and occupies only half of the domain.

Fig.2 (a-c) illustrates the streamlines and 
isothermal lines distribution inside the porous medium 
for various values of Radius ratio (Rr) at Ra = 100, CA = 
75 and ε = 0.01. It is seen that the magnitude of 
streamlines decreases with the increase in Radius ratio 
(Rr). This happens due to the reason that at high 
Rayleigh number (Ra) with the viscous dissipation 

Study of Viscous Dissipation on Natural Convection in a Vertical Conical Annular Porous Medium

um
e 

 X
IV

  
Is
su

e 
 I
I 
 V

er
si
on

 I
  



 

 

 

 

 

 
  

 
  

 

  

 
 
 
 
 
 
 
 
 
 
 
 

© 2014  Global Journals Inc.  (US)

G
lo
ba

l 
Jo

ur
na

l 
of

R
es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
    
 

(
)

A
V
ol

  
  
 

  

28

Y
e
a
r

20
14

parameter (ε), leads to more fluid movement at the hot 
wall of the cone.  The isothermal lines tend to move 
towards the hot surface of the cone as the Radius ratio 
(Rr) increases, because the thermal boundary layer 
becomes thicker.

Fig.3 (a-c) illustrates the streamlines and 
isothermal lines distribution inside the porous medium 
for various values of viscous dissipation parameter (ε) at 
Ra=100, CA = 75 and Rr = 1. For increasing the values 
of viscous dissipation parameter (ε) no change of has 
been observed in the formation and occupation of the 
domain by streamlines and isothermal lines only half of 
the domain is covered with streamlines and isothermal 
lines.

Fig.4 (a-c) shows the streamlines and 
isothermal lines distribution inside the porous medium of 
the vertical annular cone for various values of Rayleigh 
number (Ra) at ε = 0.003, CA = 15 and Rr = 1. As the 
value of Rayleigh number (Ra) increases the magnitude 
of stream lines also increases. This is due to the reason 
that the increased Rayleigh number (Ra) promotes the 
fluid movements due to higher buoyancy force, which in 
term allows the convection heat transfer at lower 
partition of the hot wall of the vertical annular cone. 

Fig.5 demonstrates the effect of Rayleigh 
number (Ra) and Cone angle (CA) on the average 

Nusselt number ( Nu ).This figure corresponds to the 
values Rr = 1 and ε = 0.003. It is found that the average 

Nusselt number ( Nu ) increases with increase in 
Rayleigh number (Ra) and Cone angle (CA). For a given 
Rayleigh number (Ra), the difference between the 

average Nusselt number ( Nu ) at two difference values 
of Cone angle (CA) increase with Cone angle(CA). For 

instance the average Nusselt number ( Nu ) increased 
by 23% when Cone angle (CA) is increased from 15 to 
45 at Ra = 10. However the average Nusselt number 

( Nu ) increased by 45% when Cone angle (CA) is
increased from 15 to 45 at Ra = 100. This difference 
becomes more as the Rayleigh number (Ra) increases 
for particular value of Cone angle (CA).

Fig.6 illustrates the effect of Rayleigh number 

(Ra) on the average Nusselt number ( Nu ) for various 
values of Radius ratio (Rr). This figure corresponds to 
the values of CA = 75, ε = 0.01. The average Nusselt 

number ( Nu ) at hot wall of the vertical annular cone 
increases with increase in Radius ratio (Rr) and Rayleigh 

number (Ra).The average Nusselt number ( Nu ) is 
increased by 41% at Ra = 10. Whereas at Ra = 100, it 
is found to be 45% with increase in Radius ratio (Rr) from
1 to 5. 

               

Nusselt number ( Nu ). This figure corresponds to the 
values CA = 75, Rr = 1. It can be seen that the effect of 
viscous dissipation parameter (ε) is to reduce the 

average Nusselt number ( Nu ) at hot wall. The 
temperature difference near the hot wall increases with 
increase in viscous dissipation parameter (ε). This 
happens due to the reason that the viscous dissipation 
leads to local heat generation, which increases the 
temperature in the porous medium. As the temperature 
of hot wall TW is constant, the increased temperature of 
porous medium reduces the temperature difference 
between the hot wall and the near region. Due to this 
reason the heat transfer from hot wall to the porous 
medium increases which results in increasing the 

average Nusselt number ( Nu ). The effect of viscous 
dissipation(ε) is higher at the lower values of Rayleigh 
number (Ra) as compared to the higher values of 
Rayleigh number (Ra). At Ra = 10, the average Nusselt 

number ( Nu ) decreased by 4% when viscous 
dissipation parameter (ε) is increased 0 to 0.01. 
Whereas the corresponding reduction in the average 

Nusselt number ( Nu ) at Ra = 100 is found to be 18%.  
The effect of viscous dissipation becomes more 
dominant at high Rayleigh number (Ra) as compared to 
lower Rayleigh number (Ra).

Fig.8 illustrates the effect of viscous dissipation 

parameter (ε) on the average Nusselt number ( Nu ) for 
various values of cone angle (CA). This figure is obtained 
for Rr=1, Ra=100. It can be seen that the average 

Nusselt number ( Nu ) decreases with the increase in
viscous dissipation parameter (ε). When there is no 
viscous dissipation then the average Nusselt number                
( Nu ) at hot wall always increases with increase Cone 
angle (CA). This happens due to reason that higher 
Cone angle (CA) leads to high buoyancy force and thus 

Fig.7 demonstrates the effect of Rayleigh 
number (Ra) and viscous dissipation (ε) on the average 

faster fluid movement. This faster fluid movement 
enhances the local friction between fluid and solid matrix 
thus increasing the local heat generation, which in turn 

reduces the average Nusselt number ( Nu ). When there 
is no viscous dissipation parameter (ε), there is a 

decrease in the average Nusselt number ( Nu ). Which 
is found to be 26.3 %, when Cone angle (CA) increases 
from 15 to 45. At ε = 0.01, it is found that there is a 
decrease in the average Nusselt number ( Nu ) by 
46.2%. This shows that there is a decrease in the 
average Nusselt number ( Nu ) as the viscous 
dissipation parameter (ε) increases.

Fig.9 illustrates the effect of Viscous dissipation 
parameter (ε) on he average Nusselt number ( Nu ) for
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various values of Radius ratio (Rr). This figure is 
obtained for CA = 75, Ra = 100. It can be seen that the 

average Nusselt number ( Nu ) decreases with the 
increase in viscous dissipation parameter (ε). When 
there is no viscous dissipation (ε), at ε = 0, the average 

Nusselt number ( Nu ) at hot wall always increase with 
increase in Radius ratio (Rr). Whereas at ε = 0.005, the 

average Nusselt number ( Nu ) decreases as Rr is
reduced. At  ε = 0.01, the average Nusselt number 

( Nu ) always decreases with increase in Radius ratio 
(Rr). This happens due to the reason that higher Radius 
ratio (Rr) leads to high buoyancy force and this faster 
fluid movement. This faster fluid movement enhances 
the local friction between fluid and solid matrix thus 
increasing the local heat generation.

Fig.10 illustrates the effect of Viscous 
dissipation parameter (ε) on the average Nusselt 

number ( Nu ) for various values of Rayleigh number 
(Ra). This figure is obtained for CA = 75, Rr=1. It can be 

seen that the average Nusselt number ( Nu ) decreases 
with the increase in viscous dissipation parameter (ε). At 

Ra=25, the average Nusselt number ( Nu ) is linear, 
whereas at Ra=100, at lower viscous dissipation 

parameter (ε), the average Nusselt number ( Nu )
increases and decreases with higher viscous dissipation 
parameter (ε).This happens due to the reason that 
higher Rayleigh number (Ra) leads to high buoyancy 
force and thus faster fluid movement. This faster fluid 
movement enhances the local friction between fluid and 
social matrix thus increasing the local heat generation.
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Performance and Emission Analysis of Diesel 
Engine using CNG under Dual Fuel Mode with 

Exhaust Gas Recirculation 
B. Nageswara Rao α, B. Sudheer Prem Kumar σ & K. Vijaya Kumar Reddy ρ 

Abstract-  An experimental investigation was carried out to find 
out the performance and emissions of a diesel engine 
operated with CNG inducted into the engine and compared 
with that of using exhaust gas recirculation. A single cylinder, 4 
stroke, and compression ignition engine was used. Behavior 
of the engine at 10%, 20%, 30%, 40% and 50% substitution of 
CNG with respect to Diesel was examined and compared 
them with behavior with induction of re-circulated exhaust gas. 
Several experimental cycles were conducted at various loads 
i.e., at 0.5, 1, 1.5, 2, 2.5, 3KW loads. Emissions such as NOx 
and UHC  was measured by using multi gas exhaust analyzer. 
Keywords: Compressed Natural Gas, Emissions, UHC. 

I. Introduction 

ompressed Natural Gas (CNG) has become a 
better option as a clean burning fuel of an IC 
engine. In order to comply with the ever-stringent 

emission norms throughout the world and crunch in 
petroleum reserves, the modern day automobile industry 
is compelled to hunt for new and alternative means of 
fuel sources to keep the wheels spinning globally [1]. 
Paradoxical objectives of attaining simultaneous 
reduction in emissions along with high performance has 
provided with a few alternative. Natural gas produces 
practically no particulates since it contains few dissolved 
impurities (e.g. sulphur compounds). Moreover, natural 
gas can be used in compression ignition engines (dual 
fuel diesel– natural gas engines) since the auto-ignition 
temperature of the gaseous fuel is higher compared to 
the one of conventional liquid diesel fuel [3]. 

Dual fuel diesel–natural gas engines feature 
essentially a homogeneous natural gas–air mixture 
compressed rapidly below its auto-ignition conditions 
and ignited by the injection of an amount of liquid diesel 
fuel around top dead center position. Natural gas is 
fumigated into the intake air and premixed with it during 
the induction stroke. At constant engine speed, the 
fumigated gaseous fuel replaces an equal amount of the 
inducted  combustion air  (on a volume basis) since  the 
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total amount of the inducted mixture has to be kept 
constant. Furthermore, under fumigated dual fuel 
operating mode, the desired engine power output (i.e. 
brake mean effective pressure) is controlled by 
changing the amounts of the fuels used. Thus, at a 
given combination of engine speed and load, the 
change of the liquid fuel ‘‘supplementary ratio” leads to 
a change of the inhaled combustion air, thus resulting to 
the alteration of the total relative air–fuel ratio [1-3].In 
internal combustion engines, exhaust gas recirculation 
(EGR) is a nitrogen oxide (NOx) emissions reduction 
technique used in petrol/gasoline and diesel engines. 
EGR works by re-circulating a portion of an engine's 
exhaust gas back to the engine cylinders[5]. In a 
gasoline engine, this inert exhaust displaces the amount 
of combustible matter in the cylinder. In a diesel engine, 
the exhaust gas replaces some of the excess oxygen in 
the pre-combustion mixture, Because NOx forms 
primarily when a mixture of nitrogen and oxygen is 
subjected to high temperature, the lower combustion 
chamber temperatures caused by EGR reduces the 
amount of NOx the combustion generates. Most 
modern engines now require exhaust gas recirculation 
to meet the emission standard [4, 6-9]. 

 Experimental Procedure 

Series of several experimental cycles have been 
conducted with varying CNG percentages and iterations 
were done with varying exhaust gas recirculation and 
the results were compared. The engine used in the 
present study is a Kirloskar AV-1, single cylinder direct 
injection, Water cooled diesel engine with the 
specifications given in Table N0 1. Diesel injected with a 
nozzle hole of size 0.15mm.the engine is coupled to a 
dynamometer. Engine exhaust emission is measured. 
Load was varied from 0.5 kilo watt to 3 kilo watts. The 
amount of exhaust gas sent to the inlet of the engine is 
varied. At each cycle, the engine was operated at 
varying load and the efficiency of the engine has been 
calculated simultaneously. 

The experiment is carried out by keeping the 
compression ratio constant i.e., 16.09:1. The exhaust 
gas analyzer used is MN-05 multi gas analyzer shown in 
Fig.1. (4 gas version) is based on infrared spectroscopy 
technology with signal inputs from an electrochemical 

c 
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cell. Non-dispersive infrared measurement techniques 
use for CO, CO2, and HC gases. Each individual gas 
absorbs infrared radiation absorbed can be used to 
calculate the concentration of sample gas. Analyzer 
uses an electrochemical cell to measure oxygen 
concentration. It consists of two electrodes separated by 
an electrically conducted liquid or cell. The cell is 
mounted behind a polytetrafluorethene membrane 
through which oxygen can diffuse. The Device therefore 
measures oxygen partial pressure. If a polarizing voltage 
is applied between the electrodes the resultant current is 
proportional to the oxygen partial pressure. The 
important properties of diesel fuel and natural gas are 
given in Table 1. 

 
Table 1 :  Properties of Diesel Fuel and Natural

 Gas
   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

aNatural gas consists of various gas species; 
from which methane (CH4) is the  main constituent. The 

 

equivalent chemical composition of natural gas may 

 

be expressed as C1.16H4.32[10].

 

b At normal temperature and pressure.   

 

  
  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 
 
 
 
     

 
 
 
 
 

Figure 1 :  Multi gas analyzer experimental set up

 

III.

 

Engine Specifications

 

   Table 2 :  Engine Specifications
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Fuel Diesel Natur
al
gas

Chemical formula C10.8H18.7 –a

Density (kg/m3) 43 0.695b

Low heating value (MJ/kg) 830 49

Flammability limits (% vol.) 0.6–5.5 5-15

Laminar flame speed (cm/s) 5 34

Octane number N/A 120

Cetane number 52 N/A

Autoignition temperature 
(0C)

220 580

Stoichiometric air–fuel ratio 
(AFRstoic, kg air/kg fuel)

14.3 16.82

                                              
TYPE 4- STROKE, SINGLE CYLINDER,

COMPRESSION IGNITION ENGINE, WITH 

VARIABLE COMPRESSION RATIO.

MAKE

Kirloskar AV-1

Rated power 3.7 KW

Speed 1500 RPM

Bore and 
stroke

80mm×110mm

Compression 
ratio

16.09:1, variable from 13.51 
to 19.69

Cylinder 
capacity

553cc

Dynamometer Electrical-AC Alternator

Orifice 
diameter

20 mm

Fuel Diesel

Calorimeter Exhaust gas calorimeter

Cooling Water cooled engine

Starting Hand cranking and auto start 
also provided
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Figure 2 :   Block diagram of experimental set up

 

A. Parts 

 

AB-air box, mmeasurement of air by 
manometer,FW-fly wheel, ADM-alternator dynamometer, 
i-fuel injector, C-computer for P-θ

 

interface, V-valve for 

fuel control, EGA-exhaust gas analyzer, S-piezoelectric 
sensor for p-θ  interfacing, PB- panel board, EP-exhaust 
gas probe, FT-fuel tank.  

 

B. Nomenclature 

 

  
  
  
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

  
  

  
  
  
  
  
  
  
  

 
 

Table 3 :  Engine nomenclature 

 C. Brake Thermal Efficiency         

Chart1 represents the trends of brake the rmal 
efficiency  with the  substitution of compressed natural  
gas  (CNG)  with corresponds to Brake power 

 

© 2014   Global Journals Inc.  (US)

G
lo
ba

l 
Jo

ur
na

l 
of

R
es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
    
 

(
)

A
V
ol

  
  
 

  

33

Y
e
a
r

20
14

NOX Oxides of nitrogen

Bth Brake thermal 
efficiency

Vol. Eff. Volumetric 
Efficiency

UHC Unburnt hydro 
carbons

PPM Parts per million

EGR Exhaust Gas 
Recirculation

CA Crank Angle
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Chart 1 :  Bth Vs BP at various proportions of CNG

 

From the chart1 it can be seen that up to 40% 
CNG substitution would be observed an  increase in 
brake thermal efficiency of 10% compared to that of 

pure diesel, but 50%  substitution of CNG has shown 5% 
decrease in brake thermal efficiency when compared  to  
that  of  pure  diesel. 

 

   

 

  
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Chart 2 :

  

Bth Vs EGR% at various CNG proportions

 

The chart 2 represents the relation between 
brake thermal efficiency

 

and percentage of Exhaust gas 
recirculation.  it shows  that with  an  increase in exhaust 
gas

 

recirculation proportion  the  brake thermal 
efficiency has increased till 10% of substitution but 
decreased  with  above 10% substitution . 
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Chart 3 : 

 

Vol. Eff. Vs EGR% at various CNG proportions

 

The relation between volumetric efficiency and 
exhaust gas recirculation

 

is represented in chart 3. It has 
been observed that the volumetric efficiency decreases 

with an increased substitution of compressed natural

 

gas (CNG) and with increased exhaust gas recirculation 
(EGR).

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

 

  
              

 

  
  

Chart 4 : 

 

NOx Vs EGR% at various proportions

 

The chart 4 represented the trends of NOx with 
the EGR substitution. it is observed that, with an 
increase in exhaust gas recirculation NOx  emission 
havedecreased by

 

28% at all proportions of CNG 
substitution.   
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  Chart 5 :  NOx Vs CNG substitution 
It is observed from chart 5 that with increase in 

CNG substitution Nox emission has increased, there 
45% increase in NOx emissions when compared to that 
of pure diesel. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
        

 

Chart 6 : 

 

UHC Vs EGR% at various proportions of CNG
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Chart 6 represents the relation between un-
burnt hydrocarbons and percentage of EGR for various 
proportions of CNG.  The chart shows that with increase 
in exhaust gas recirculation up to 10% UHC have slightly 
decreased and again increased for further substitution. 
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Chart 7 :
  
UHC Vs CNG substitution

The chart7 represents the relation between un-
burnt hydrocarbons and percentage of CNG 
substitutions which shows that with increase in CNG 

substitution un- burnt  hydrocarbons  have  decreased, 

 
 
 

50% of CNG substitution shows 61%

 

decrease in UHC 
emission rate when compared to that of pure diesel. 
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: in-cylinder pressure Vs crank angle for pure diesel, 10%CNG and 10%EGR substitution

Chart 8 shows the pressure inside cylinder at 
varying crank angles of the cycle for pure diesel, 10% 
CNG substitution and 10% exhaust gas recirculation at 
10% CNG substitution. 

IV. Conclusion 

From the above obtained results the following 
conclusions were drawn: 

a) Substitution of CNG up to 40% has shown increase 
on brake thermal efficiency of  20% compared to 
that of pure diesel, but 50% substitution of CNG has 

shown 11% decrease in cylinder pressure (bar) CA 
(Deg) in cylider pressure Vs crank angle for pure 
diesel, 10%CNG and 10%EGR substitutoin  in brake 
thermal efficiency when compared 

b) to that of diesel. The normal injection timing has 
shown higher volumetric efficiency. Any how the 
trend of varying volumetric efficiency has stood very 
general. 
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c) Substitution of 10% EGR to 10% CNG substitution 
has shown 15% increase in brake thermal efficiency 
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when compared to that of 10% CNG substitution of 
CNG. 

 

d)

 

With increase in exhaust gas recirculation proportion 
brake thermal efficiency has increased till 10% of 
substitution but decreased above 10%. 

 

e)

 

Volumetric efficiency decreases with increased 
substitution of CNG and with increased exhaust gas 
recirculation. 

 

f)

 

Increase in exhaust

 

gas recirculation NOx emissions 
have decreased by 28% at all proportions of CNG 
substitution.   

 

g)

 

With increase in CNG substitution NOx emission 
has increased, there 45% increase in NOx 
emissions when compared to that of pure diesel. 

 

h)

 

With increase in exhaust gas recirculation up to 10% 
UHC have slightly decreased and again increased 
for further substitution. 

 

i)

 

With increase in CNG substitution un-burnt 
hydrocarbons have decreased, 50% of CNG 
substitution shows 61% decrease in UHC emission 
rate when compared to that of pure diesel.
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Thermal Characterization of Nanoclay Nanocomposites 

By Yousef Haik, Saud Aldajah, Kamal Moustafa, Saleh Hayek                                       
& Ammar Alomari  

 United Arab Emirates University, Saudi Arabia 
Abstract- Nanocomposites have attracted the attention of scientists during the past few decades 
due to their superior mechanical, thermal, chemical and electrical characteristics. This paper 
studies the potential of using Nanoclay woven Kevlar laminated composites to enhance the 
impact the mechanical and thermal performance. The variation of Nanoclay percentage usually 
lead to different thermal characteristics of the resulting composite. Various percentages of 
Nanoclay added to the woven Kevlar composites were studied ranging from 0% to 9.4%. The 
results showed that the nanoclay reinforced composites showed a considerable change in the 
thermal characteristics of the considered samples. Thermal gravitational and differential scanning 
calorimetry analysis were performed and it was found that the decomposition temperature of the 
pure vinylester was increased by the addition of the Nanoclay, whereas the glass transition 
temperature was little affected. The results of the infrared spectrum analysis indicated the 
presence of both nano materials and polymers at various frequencies.   
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Yousef Haik α, Saud Aldajah σ, Kamal Moustafa ρ, Saleh Hayek Ѡ & Ammar Alomari ¥ 

Abstract- Nanocomposites have attracted the attention of 
scientists during the past few decades due to their superior 
mechanical, thermal, chemical and electrical characteristics. 
This paper studies the potential of using Nanoclay woven 
Kevlar laminated composites to enhance the impact the 
mechanical and thermal performance. The variation of 
Nanoclay percentage usually lead to different thermal 
characteristics of the resulting composite. Various 
percentages of Nanoclay added to the woven Kevlar 
composites were studied ranging from 0% to 9.4%. The results 
showed that the nanoclay reinforced composites showed a 
considerable change in the thermal characteristics of the 
considered samples. Thermal gravitational and differential 
scanning calorimetry analysis were performed and it was 
found that the decomposition temperature of the pure 
vinylester was increased by the addition of the Nanoclay, 
whereas the glass transition temperature was little affected. 
The results of the infrared spectrum analysis indicated the 
presence of both nano materials and polymers at various 
frequencies.  
Keywords: nano composites, nano particles, thermal 
properties.  

I. Introduction 

he widespread use of new nano composites 
attracted the attention of scientists in many 
engineering applications. The development of 

these new materials enables the circumvention of 
classic material performance trade-offs by accessing 
new properties and exploiting unique synergies between 
materials, that only occur when the length scale of 
morphology and the fundamental physics associated 
with a property coincide, i.e., on the nano scale level. 
Multifunctional features attributable to polymer nano 
composites consist of improved thermal resistance 
and/or flame resistance, moisture resistance, decreased 
permeability, charge dissipation, and chemical 
resistance. Through control/alteration of the additives at 
the nano scale level, one is able to maximize property 
enhancement of selected polymer systems to meet or 
exceed the requirements of current military, aerospace, 
and commercial applications. The technical approach 
involves the incorporation of nano particles into selected 
polymer matrix systems [1].  
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One of the important characteristics of nano 
composites that lead to their wide use in many industrial 
applications is their improved impact resistance. Woven 
roving fabric laminates have proved to have superior 
impact energy absorbing properties to those of 
laminates made of unidirectional prepregs [2, 3]. Woven 
fabrics are used in a number of engineering applications 
across various industries, including such products as 
automobile airbags; flexible structures like boat sails 
and parachutes; reinforcement in composites; 
architectural expressions in building roof structures; 
protective vests for military, police, and other security 
circles; and protective layers around the body in planes. 
Woven fabrics consist of yarns woven in the fill and the 
warp directions.  

The laminated composites were prepared 
manually, in this research, of fifteen plies of woven 
Kevlar49 arranged in symmetrical 0/45 alternation. 
Painting the matrix mix over each ply using painting 
brushes, then rolling each ply using a metallic roller to 
insure saturation of the resin and complete bonding 
between layers, after that composite hot pressing 
technique is performed to insure plies perfect bonding 
and unified thickness and to expedite the curing 
process.  

The aim of this study was to investigate the 
effect of the addition of the NC on the thermal 
characteristics of the NC reinforced composite such as 
the glass transition temperature, the melting 
temperature, decomposition and crytallinity. Different 
percentages of NCs were tested and the results were 
compared to control samples composed from Kevlar 
plies only. The considered NC reinforced samples were 
tested by thermal gravitational analysis (TGA) [4], 
differential scanning calorimetry (DSC) [5] and the 
infrared (IR) [6] analysis techniques.  

Using the TGA technique, one can measure the 
amount and rate of weight change in a material, either 
as a function of increasing temperature, or isothermally 
as a function of time, in a controlled atmosphere. This 
information helps to identify the percentage weight 
change and correlate chemical structure, processing, 
and end-use performance. The TGA measurements 
were performed under nitrogen atmosphere with 
balance purge flow of 40 mL/min and sample purge flow 
of 60 mL/min. About 10 mg of the composites samples 
were used each time. The measurements were done 
with a heating rate of 20°C/min in the temperature range 

T 
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of (0-600°C). It is demonstrated that the addition of NC 
increased the decomposition temperature of the 
composite which is expected due to the cross linking 
effect of NC reinforcement. 

Differential Scanning Calorimetry (DSC) is a 
thermo analytical technique in which the difference in 
the amount of heat required to increase the temperature 
of a sample and reference is measured as a function of 
temperature. Both the sample and the reference are 
maintained at nearly the same temperature throughout 
the experiment. The DSC results of the tested samples 
has shown that the composite experienced direct 
decomposition without melting. No melting temperature 
was defined for each composite and crystallinity was, 
thus, difficult to define. Moreover, the results has shown 
very small variation in the glass transition temperature 
for all composites. and broadening in the glass 
transition temperature which could be an indication of a 
cross linking effect of the NC.  

Infrared spectroscopy was used to check for 
the presence of nano clays. IR spectrum of a chemical 
substance is a fingerprint for its identification. The IR 
spectrum results of all samples show that the presence 
of both nano materials and polymers at various 
frequencies.  

II. Materials used in Preparing 

Samples 

The control samples are composite lamina 
prepared by adding 56 g of Vinylester to 117 g of Kevlar 
49, thus making a resin percentage of 32. The nanoclay 
composite test samples are prepared by adding nano 
montmorillonite caly, nanomer 1.34T CN that contains 
25-30 wt% to the Vinylester in different percentages. 
Nanoclay is the most widely investigated nanoparticle in 
a variety of different polymer matrices for a spectrum of 
applications [7]. The origin of bentonite (natural clay) is 
most commonly formed by the in-situ alteration of 
volcanic ash. Nanoclays have become attractive 
materials because of their potential use in wide range of 
applications such as in polymer nanocomposites [8]. 
Different percentages of Nanoclay Kevlar composites 
were prepared in this work; namely, 2%, 4.3%, 7%, and 
9.4%.  

Kevlar is an aramid fiber, a term invented as an 
abbreviation for aromatic polyamide developed in 1965 
by DuPont Company. The chemical composition of 
Kevlar is poly para-phenyleneterephthalamide, and it is 
more properly known as a para-aramid. The aramid ring 
gives Kevlar thermal stability, while the para structure 
gives it high strength and modulus [9]. Kevlar aramid 
has a high tensile strength, higher tensile modulus and 
lower density than fiber glass but it is more expensive 
than glass fiber [10]. Aramid

 
fibers provide the highest 

tensile strength-to-weight ratio among reinforcing fibers. 
They provide good impact strength and, like carbon 

fibers, provide a negative coefficient of thermal 
expansion.  

III. Thermal Analysis Experimental 
Results 

a) Thermal Gravimetric Analysis (TGA)  
Thermal Gravimetric Analysis (TGA) Q50 Device 

from TA Instruments (New Castle, Delaware) was utilized 
to study the thermal weight-change of the NC/ Vinylester 
samples. The Thermo gravimetric analyzer measures 
the amount and rate of weight change in a material, 
either as a function of increasing temperature, or 
isothermally as a function of time, in a controlled 
atmosphere. It can be used to characterize any material 
that exhibits a weight change and to detect phase 
changes due to decomposition, oxidation, or 
dehydration. This information helps us identify the 
percentage weight change and correlate chemical 
structure, processing, and end-use performance [4].  

The TGA measurements were performed under 
nitrogen atmosphere with balance purge flow of 40 
mL/min and sample purge flow of 60 mL/min. About 10 
mg of the composites samples were used each time. 
The measurements were done with a heating rate of 
20°C/min in the temperature range of (0-600 °C).  

Figures 1 and 2 show the TGA results of all 
samples where the onset slope method was used to 
evaluate the exact value of decomposition temperature. 
These figures indicate that almost each addition of NC 
to the vinylester/NC nanocomposite increased the 
decomposition temperature. The results are 
summarized in Table 1. It can be seen that the 
decomposition temperature of pure vinylester is 437oC. 
The addition of NC percentage by 2%, 4.3%, 7% and 
9.4% to the vinylester resin increased the decomposition 
temperature, respectively to, 445oC, 460oC, 468oC, and 
466oC. This increase in the decomposition temperature 
is expected due to the cross linking effect of NC. It 
shows that the 9.4% did showed similar, somewhat less, 
results as the 7% which could be attributed to the non-
uniform dispersion of the added NC. However, it 
showed higher decomposition temperature when 
compared to the other samples with lower NC content.  
3.2 Differential scanning calorimetry (DSC).  

Differential Scanning Calorimetry (DSC) is a 
thermal analytical technique in which the difference in 
the amount of heat required to increase the temperature 
of a sample and reference is measured as a function of 
temperature. Both the sample and the reference are 
maintained at nearly the same temperature throughout 
the experiment. The basic principle underlying this 
technique is that when the sample undergoes a physical 
transformation such as phase transitions, more or less 
heat will be needed to flow to the sample compared to 
the reference to maintain both at the same temperature 
[5].  
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The DSC measurements were performed using 
a TA instrument (New Castle, Delaware) DSC 200 under 
nitrogen atmosphere with a sample purge flow of 50 
mL/min. 10 mg of the composites samples were used 
each time in a sealed aluminum pan. The samples were 
heated to 250°C at a rate of 10°C/min to eliminate the 
heating history. Then they were cooled below 0°C at a 
rate of 10°C/min and then heated at the same rate to a 
temperature of 500°C.  

Figure 3 shows the DSC results of the 
NC/vinylester nanocomposites zoomed at the 
decomposition region. It is clear that the tested 
composites experienced direct decomposition without 
melting, so no melting temperature were defined for 
each composite. Moreover, no melting temperature is 
observed for this type of composite, and, therefore, 
crystallinity is impossible to define. To find the glass 
transmission temperature (Tg), the results data were 
zoomed at the expected region of this temperature as 
seen in Fig. 4. The glass transition temperature for pure 
vinylester was determined as 56.5oC. The addition of 
2%, 4.3%, 7% and 9.4% of NC, change the glass 
transition temperature of the corresponding composite 
to 56.5oC, 53.8oC, 55.4oC and 56.8oC respectively. The 
results show very small variation in the glass transition 
temperature for all composites. Also, we can notice 
broadening in the glass transition temperature which 
may be an indication of a cross linking effect of the NC.  
3.3 Infrared (IR) Analysis.  

Infrared spectroscopy is one of the most 
powerful analytical techniques, which offers the 
possibility of chemical identification [6]. This technique 
when coupled with intensity measurements may be 
used for quantitative analysis. One of the important 
advantages of infrared spectroscopy over the other 
usual methods of structural analysis (X-ray diffraction, 
electron spin resonance, etc.) is that it provides 
information about the structure of a molecule quickly 
without tiresome evaluation methods. This technique is 
based on the simple fact that a chemical substance 
shows marked selective absorption in the infrared region 
giving rise to close-packed absorption bands called an 
IR absorption spectrum, over a wide wavelength range. 
Various bands will be present in the IR spectrum, which 
corresponds to the characteristic functional groups and 
bonds present in a chemical substance. Thus an IR 
spectrum of a chemical substance is a fingerprint for its 
identification. Figure 5 shows the IR spectrum of all 
samples including the nanoclays. IR spectrum of all 
samples shows the presence of both nano materials 
and polymers at various frequencies.  

IV. Conclusions 

The NC addition to the Vinylester resulted in a 
considerable change in the thermal characteristics of 
the NC reinforced composites. Samples with different 

NC percentage were tested using the thermal 
gravitational analysis, the differential scanning 
calorimetry, and infrared analysis techniques. The NC 
percentage used in preparing the samples were 2, 4.3, 
7, and 9.4. The thermal gravitational analysis showed 
that the decomposition temperature of pure vinylester 
was increased by the addition of the nanoclay. The 
results of the differential scanning. calorimetry analysis 
indicated that vinylester nanocomposites experienced 
direct decomposition without melting and it was difficult 
to define crystallinity. The glass transition temperature of 
the vinylester/Nanoclay composite was little affected by 
the nanoclay addition. The results of the infrared 
spectrum analysis indicated the presence of both nano 
materials and polymers at various frequencies. 
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Figure
 
1 : TGA Results of NC-VE-All Results

Figure 2 : TGA Results of NC-VE-All Results with Zoom at the Decomposition Region
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Figure 3 :

 

DSC Results of NC-VE-All with zoom at the decomposition region
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DSC Results for Vinylester/Nanoclay Composites
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Figure 5 :

 

IR spectrum for all samples
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Table 1 : Increase in decomposition temperature as a function of NC %

NC % 0 2 4.3 7 9.4 
Decomposition 
Temperature 
(oC) 

437 445 460 468 466 
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Abstract- Forged Aluminium components are used in automotive industry for the necessity to 
make modern vehicles lighter, safer, and more environment friendly. The trend of using forged 
Aluminium components is increasing. Forging temperature, forging load, rate of deformation and 
deformation are some of the important process parameters that influence the end forging 
product quality. It is thus necessary to understand their independent and combined effect on the 
end product quality. In this study, hot compression test on an Al-Mg-Si Aluminium alloy (6061 
alloy) was performed on Gleeble-Thermo mechanical Simulator-3500 (TMS) at a 350°,400°,450°c 
temperatures and with 0.2 and 2 strain rates for a fixed nominal strain of a chosen value. As a 
result of compression tests, deformation curves were obtained. Test specimens were quenched 
as soon as the tests ended to preserve the resulting microstructure. Results of feasible 
mechanical testing and microstructure evaluation for various combination of temperature and 
strain rate are compared and discussed in view of possible industrial applications.   
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6061 Aluminium Alloy by Thermo Mechanical 

Simulation 
Rahul D. Dongre α & Swati Salunkhe σ 

Abstract- Forged Aluminium components are used in 
automotive industry for the necessity to make modern vehicles 
lighter, safer, and more environment friendly. The trend of 
using forged Aluminium components is increasing. Forging 
temperature, forging load, rate of deformation and deformation 
are some of the important process parameters that influence 
the end forging product quality. It is thus necessary to 
understand their independent and combined effect on the end 
product quality. In this study, hot compression test on an Al-
Mg-Si Aluminium alloy (6061 alloy) was performed on Gleeble-
Thermo mechanical Simulator-3500 (TMS) at a 350°,400°,450° 
c temperatures and with 0.2 and 2 strain rates for a fixed 
nominal strain of a chosen value. As a result of compression 
tests, deformation curves were obtained. Test specimens were 
quenched as soon as the tests ended to preserve the resulting 
microstructure. Results of feasible mechanical testing and 
microstructure evaluation for various combination of 
temperature and strain rate are compared and discussed in 
view of possible industrial applications. 
Keywords: forging temperature, stress-strain curve, 
dynamic recovery, 6061 alloy. 

I. Introduction 

t the present, the metal forming industrials have 
high technology competition, not only the 
modernized machinery but also the 

manufacturing process which reduced the production 
cost in various ways. The forging process was the fast 
work pieces production and had accurate size when 
compared with the metal molding process. For this 
reason were necessary to studied for searching several 
variables such as choosing the kind of materials which 
were suitable with hot forming process, forging 
temperature, stain, strain rate which directly affected the 
end product quality [1-2].Researches of aluminum 
alloys indicate a great correlation between these 
parameters and structure quality from which mechanical 
properties depend. During deformation of aluminium 
alloys at elevated temperature, the intensive processes 
of structure restoration are preceded. In the majority of 
studies it is ascertained that the main process of 
structure restoration in aluminium alloy is dynamic 
recovery [3].  
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II. Experiments 

The experiment were carried out on Al-Si-Mg 
Alloy (6061 alloy) whose main chemical composition are 
give in table 1. Cylindrical samples with size of d10 mm 
x 15 mm were machined from commercially extrusion 
billet. A computer –controlled, servo –hydraulic Gleeble 
3500 Machine was used for compression testing. It can 
be programmed to simulate both thermal and 
mechanical industrial process variable for a wide range 
of hot deformation condition. The specimens were 
heated to the deformation temperature at heating rate of 
5 °c/s and held at the temperature for 120 s by thermo 
coupled-feedback-controlled AC Current. The 
isothermal hot compression tests were performed at 
350, 400, 450 °c Temperature and strain rates of 0.2, 
and 20 s¯¹. The experimental stress-stain curves under 
various deformation conditions were obtained. The 
deformed specimens were water quenched after 
compression to maintain the microstructure for further 
observation. 

Table 1 : Chemical composition of AlSiMg Alloy (wt %) 

Mn Mg Si Cu Fe Zn Cr 
0.06 0.97 0.64 0.39 0.15 0.08 0.04 

Following
 
process cycle were carried for total of 

9 samples in order to determine the effect to 
deformation temperature on material and properties 
which can be achieved if they are forged for particular 
strain rate which is being maintained.

 
He figure of 

complete TMS Experiment cycle are given at fig no.1.
 

 

Figure 1 :

 

Gleebel cycle for 6061 Aluminium Alloy

 

A 
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III. Results and Discussion 

a) Stress –Strain Curve 
A serious typical true stress-strain curves 

obtained during hot compression of 6061 alloys at strain 
rate of 0.2,&20 s¯¹ and deformation temperature of 350, 
450°c are show in Fig.2&3.It can be seen that the true 
stress –true strain curve exhibit a peak stress at a 
certain strain, followed by dynamic flow softening until 
the end of compression. The flow softening is probably 
subjected to the dynamic recovery and recrystallization 
during the hot deformation of precipitation hardening 
alumimum alloys [4].Comparing the curves with one 
another, it is found that,for a specific strain rate, the flow 
stress deceases markedly with temperature deceasing. 
Further, the temperature changes have a significant 
effect on the dynamic softening rate. The strain 
corresponding to the peak stress increases with 
increasing strain rate [5]. 

It can be seen clearly from fig.2 that the strain –
stress curve of 6061 alloy deformed at 350°c is typically 
characterized by a rise to a plateau followed by a 
constant flow stress, which is the feature of curves for 
DRV. This indicates that the main softening mechanism 
of 6061 alloy in this condition is DRV. However, the 
stress –strain curves of 6061 alloy deformed at 450°c 
exhibits a single and smooth peak, followed by a slow 
but obvious softening stage, which is quite different from 
that deformed at 350°c. It is reasonable to presume that 
the softening mechanism in this condition may be DRX. 
Table no.2 shows that as the strain rate incenses the 
flow stress also increases and as a temperature 
increases flow stress decreases at constant strain rate. 

 

Figure A 

 

Figure B 

Figure 2 : True stress-true strain curves during hot 
compression of 6061-Al A)350 B)450 °c at 0.2 s¯¹ 

 Figure A 

 

 
Figure B 

Figure 3 :

 

True stress-true strain curves during hot 
compression of 6061-Al a) 350 b) 450 °c at 2 s¯¹ 
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Table No. 2 
Temp °c Strain rate s¯¹ Peak Stress

(MPA)
350 0.2 79
450 0.2 27
350 2 114
450 2 44
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b)

 

Microstructure Evolution

 

After preparing stress-stain diagram

 

next thing 
is microstructure evolution

 

[6].Fig.4 of the microstructure 
show that at low temperature there is a Precipitation 
taking place

 

which directly increases the flow stress[7].

 

The dark region in the microstructure show the Mg2Si 
Precipitate and light grey colour shows AlFeSi. Due to 
low temperature the size of the precipitate is Bigger. 
There is a sub grain formation with a dissolute

 

precipitate inside due to which hardening taking places 
at 350°c temperature. 

 

 

Figure 4 :

 

microstructure at 350 and 0.2s
-1

 

Fig.5 at 450°c there is a completed solid 
solution of aluminium due to which precipitates are 
almost very less and flow stress decreases. Due to the 
high temperature the hardness decreases & very low 
Mg2Si will appear.

 

Precipitation thickness will be very 
low & some amount of water marks are also there in 
450°c. Because of the various factor& restriction the

 

microstructure of 350 & 450°c is only check

 

at 0.2s-

1strain rate. 

 

Figure 5 :

 

microstructure at 450°c and 0.2s-1

 

IV.

 

Dynamic

 

Recovery

 

For the conformation of dynamic recovery work 
hardening exponent is calculated and then double 
differential of that is take to find out that there is DRX 
orDRV[9-10].The change of slope θ=dσ / dε

 

of stress-
strain curve with stress can be a good indication of 
microstructure change taking place in material.

 

Fig. 6&7

 

show that Strain hardening curve is 
generated i.e θ=dσ / dε

 

where the change in slope of 

the θ-curve  with respect to - d σ / dε  if there is 
occurrence of DRX then slope can be identified by 
means of inflation point.

 

The curve is generated for 350°c, 450°c for 0.2s-

1

 

strain rate.

 

 

 

Figure 6 :

 

Strain

 

hardening curve along with stress strain 
curve at 350°c 

For the above sample the strain hardening 
curve is generated and it was observed that for strain 
rate of 0.2 s-1

 

there was no DRX taking place but 
recovery and hardening was initiated with peak stress.

 

The Ɵ

 

graph showing that there is no such smooth DRX 
formation is there hence the dark line and dotted line in 
the graph are just collapse with each other at various 
point. This is the indication of DRV.

 

Critical stress =B/3A

 

σc = 79.429

 

At a temp of 350 c & strain rate of 0.2s-1the 
critical stress occur is 79 Mpa which remain almost 
constant. Which show that a dynamic softening is 
replaces by work hardening. 

Mg2si

 

Mg2Si

 

AlFeSi
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Figure 7 :

 

Strain hardening curve along with stress strain 
curve at 450°c 

At 450°c the Ɵ

 

graph showing that there is a 
point were both dotted & dark line meet at point. Hence 
we can predict that there is a chance of DRX at high 
temperature.

 

a)

 

Hardness value

 

For knowing the hardness value change 
according to the temperature the Vickers hardness test 
is done. The hardness has been taking at core & edge 
of the specimen and the value are put in Table no.3. The 
maximum hardness achieve is at 350 c in core 71.1 HV. 
Hence

 

we can say that as the temperature increases the 
hardness decreases vice versa.

 

Table 3 
No.

 

Temp

 

Hardness (HV)

 
 

0°c Core

 

Edge 

1

 

350

 

71.1

 

70.1

 

68.1

 

70.2

 

3

 

450

 

49.9

 

50.9

 

49.8

 

50.1

 

V.

 

Conclusions 

a)

 

The true compressive stress –strain curves of 6061 
aluminum alloy deformed at different temperature 
and strain rates were obtained.

 

b)

 

The result shows that temperature changes have a 
significant effect on the dynamic softening rate.

 

c)

 

At 350° c there is typical rise to a plateau followed 
by a constant flow stress, which is the feature of 
curve for DRV. 

 

d)

 

At 450°c exhibit some peak followed by a slow but 
obvious softening stage. It is reasonable to presume 
that the softening mechanism in this condition may 
be DRX.

 

e)

 

At 350 °c a horizontal line is obtained which show 
that precipitation is taking places.

 

f)

 

At 450 °c dynamic softening is balances by work 
hardening.

 

g)

 

The true stress & stain graph show that at low 
temperature and low stain rate flow stress are low. 
But as the stain rate is increases and temperature is 
a decrease the flow stress increases. 

 

h)

 

In contrast, for a temperature of 450° c the low 
stress generally increases with the strain rate due to 
the increases of dislocation density & dislocation 
multiplication rate.
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Superlow Interaction in Layered Structures 

Michail V. Nozhenkov 

Abstract- The article investigates the impact of technology of 
the properties of thin films of anisotropic laminated structures. 
Performed electron diffraction and electron microscopy 
studies of the structure. Testing of the tribological properties. 
The positive effect of applying wear-resistant underlayer and 
alloying of the coating material, which led to a significant 
increase in the durability and appearance of superlow friction. 
The generalized model of non-dissipative transport of mass 
(energy) in the absence of resistance forces during the move. 
Found that the superlow friction, superconductivity and 
superfluidity  are related phenomena defined phase transition 
particle energy distribution across the critical value (energy 
potential barrier).  

Energetically favorable arrangement of the particles 
in the crystal lattice for the non-dissipative movement in the 
lack of forces of resistance are the spaces of  Van der Waals 
in layered systems where possible prediction of the 
investigated phenomena. 
Keywords: vacuum ion-plasma coating methods, 
particle, atom, cluster, electron diffraction and electron 
microscopy studies, superconductivity, superfluidity,  
superlow  friction. 

I. Introduction 

o improve the physical and mechanical 
characteristics of the surface layers of parts in 
order to increase the durability and reliability of 

used durable and anti-friction coatings applied by 
various methods. Surface properties used in modern 
engineering austenitic stainless steels and titanium 
alloys can be improved by application of multilayer 
wear-resistant and anti-friction coatings. As such 
coatings have been used transition metal compounds 
IY-YI of the periodic system (dichalcogenides, nitrides, 
carbides, oxides), applied vacuum ion-plasma methods.  
Having a range of features of the crystal structure and 
properties of high anisotropy in various crystallographic 
directions resulted in widespread use for these 
purposes dichalcogenides of transition metals. Very 
promising and has several advantages are vacuum ion-
plasma methods of applying such coatings based on 
ion (cathode) sputtering. Development of the theory of 
managing the growth of coatings based on transition-
metal dihalcogenides and their relationship with the 
technology application, explain the process of the 
formation of coatings with high tribological properties 
and mechanism of anti-friction properties, as well as 
comprehensive investigations of the crystal structure 
and physical properties of coatings are important 
scientific and technical challenge. 
 
Author: Russian Academy of Sciences, Joint-Stock Company 
“Technom-T”, Moscow, Russia. e-mail: technomt@technom-t.ru 

II. Subjects and Methods 

Coatings based on dichalcogenides of 
transition metals from Groups IV–VI of the periodic table, 
inparticular, molybdenum and tungsten disulfides and 
diselenides (MoS2, MoSe2, WS2, and WSe2), were 
deposited via the HF cathode sputtering technique 
described in [1–6]. In disk-on-sphere friction tests, the 
specific load and the constant sliding rate were ~105 
N/cm2 and 0.019 m/s, respectively [1-6]. The coatings 
were formed on polished samples fabricated from 
compact Al2O3 ceramics and SH-15 and 12H18N10T 
steels. The crystalline structure of the coatings was 
investigated by means of reflection electron diffraction 
using an EMR-102 electronograph, and the surface 
morphology was examined using JXA-841 and JSM-35C 
electron microscopes. The elemental composition of the 
prepared coatings was analyzed via characteristic X-ray 
spectroscopy( a JEM-100C instrument equipped              
with a CEVEX attachment) and X-ray photoemission 
spectroscopy (an ESCALAB-5 device). 

III. Experimental Results 

To protect work surfaces from wear of friction 
pairs technology for production of wear-resistant 
antifriction coatings of variable thickness with high 
tribological properties [2], is an effective means of 
protecting the parts, especially made of corrosion-
resistant austenitic steels or titanium alloys from wear. 
Used in modern engineering austenitic stainless steels 
and titanium alloys have a number of advantages, but 
these materials are due to the peculiarities of physical 
and mechanical properties tend to grasp, followed by 
catastrophic wear, especially under high vacuum. From 
the coating process parameters to be considered the 
most important temperature substrate further bias 
potential applied to the charge of the sample holder, as 
well as alloying of the applied coating by applying to the 
working chamber of reactive gas (or gas mixture) and a 
complex manufacturing replaceable target structure. 

Studies have found that when the temperature 
of the substrate were formed quasi-amorphous, 
polycrystalline or textured coatings. Crystallite 
orientation axis textures [10 10], perpendicular to the 
substrate surface was observed for MoS2, MoSe2, WS2, 
WSe2 in the temperature range 473-973K, and the axis  

[11 2 0] - to MoS2
 at T = 673-773K [1-4] . Texture 

growth with the axis [10 1 0]   formed in all 
dichalcogenides, whereas the texture with the [11 2 0]  

T 
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was detected in the coatings of molybdenum disulfide in 
the temperature range 673-773K.  

Dependence of the structure from the location 
of the samples on the plate of holder of substrates. 

Research was conducted at the location of coating 
growth patterns in different places (in the center and the 
periphery) of the plate of substrate holder. It was found 
that the location of the sample in the center of the plate

 

oа
 
holder crystallites grow with a preferred orientation in 

the form of texture with the axes  [1010] and [11 2 0], 
with appropriate substrate temperatures (Fig.1). The 
axis [0001] was completely disoriented in a plane 
parallel to the substrate surface. At a distance from the 
center to the periphery of the board was observed 
smooth tilting axes [10 1 0]

 
and [11 2 0]

 
direction 

crystallite orientation with simultaneous central axis 
[0001] at the center of the radius of the sample holder, 
wherein the angle of inclination of the axes reached

 
up 

to
 
300. Coincidence direction of the electron beam in the 

column c electronograph radius vector of the center of 
the plate leads to a symmetric diffraction pattern, and 
when the sample is moved parallel to the beam view of 
the diffraction pattern remains unchanged. 

 
 

 

    

 
     

   
  

      

The results obtained are confirmed by studies 
of surface morphology of the coating (Fig. 2). 
Micrograph shows that the crystallites are oriented with 
a small angular spread. With increasing distance from 
the center of the board, they form closed concentric 
circles. This morphology of the films stored at different 
coating dichalcogenides (MoSe2, WS2, WSe2) (Fig.1,2). 
Range of crystallization under the same deposition 
conditions (substrate temperature varied only) shifted 

into a zone of higher temperatures. The highest 
transition temperature of the amorphous structure to a 
crystalline textured observed for tungsten diselenide 
WSe2

 (Fig. 3). Studies shows, that the texture with the 

axes [1010] and [11 2 0] in the coatings on the basis of 
textures are dichalcogenides growth, since they do not 
occur in its infancy, and in the later stages. For example, 
if a molybdenum disulfide coating on polished samples 
of steel or Al2O3

 at a temperature of 523K is different  
along  coating thickness. 

 

    
       
   

     
     

Coating thickness of less than 0.08 m have an 
amorphous structure and have a smooth surface. When 
such friction tests showed no anti-friction coating acts 
as in the case of coating deposition at low substrate 
temperatures . A similar mechanism of crystallite growth 
was observed in the coating of aluminum nitride AlN 
(having a hexagonal crystal structure with a lattice 
Wurtzite) by magnetron sputtering. As the distance from 
the center axis of the formed coating

 

[1010]  in the presence of simultaneous orientation of 
the second axis texture [0001] along the radii from the 
center of the plate (Fig. 4) . As follows from the 
diffraction pattern, the second axis [0001] at an angle of 
crystallites to a surface of the substrate up to 150

 
and 

the principal axis is tilted textures [1010], respectively, 
towards the center.

 
When applying vacuum ion-plasma 
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Figure 1 : The electron diffraction patterns of coatings
MoS2 (a, c) and WSe2 (b, d) a thickness of 0.5 microns,
applied at a temperature 523 K (MoS2) and 623 K
(WSe2), and the location of samples in the center of the 
plate (a, b) and at its periphery (c, d)

Figure 2 : Microgfotoraphs of the surface of (a-d) and
cleavages (e, f) coating MoS2 (a, c, e) and WSe2 (b, d, f),
applied at a temperature of 523 K (MoS2) to 653 K
(WSe2) at location samples in the center of the plate (a, 
b, e, f) and on its periphery (c, d)



 

 
 

 

  

  

 
     

   
    

  

    
   

 
    

   
   

   

 
 

Figure 4 :

 

Electron diffraction

 

(a, b) and

 

micrographs

 

(x5000) (c, d) coating

 

AlN (a)

 

and

 

Cr2O3

 

(b, c, d)

 

When removing the periphery occurs smoothly 

tilt axes [1010] towards

 

the center with simultaneous 
orientation [0001] axis along the radii from the center of 
the sample holder. As the distance from the center of 

the coating formed with the [1010] in the presence of 
simultaneous orientation of the second axis texture 
[0001] along the radii from the center of the plate (Fig. 
4). As follows from the diffraction pattern, the second 
axis [0001] at an angle of crystallites to a surface of the 
substrate up to 150 and the principal axis is tilted texture 

[10 1 0] toward the center respectively. Improving 
tribological properties of the coatings is possible with 
the changes in technology application. For example, 
increasing the hardness of the substrate reduces the 
coefficient of friction

 

and increased durability of coatings 
based dichalcogenides. Improved tribological 
characteristics occurs when doping atoms of 
molybdenum disulfide additional element. The 
combination of applying a wear-resistant outer sublayer 
with doping atoms antifriction layers additional element 
can significantly improve the tribological characteristics.  

Doped coating.

 

Were obtained from the doped 
molybdenum disulfide coating composition MoS2Dx 
that appearance is not much different from conventional 
coatings MoS2. As dopant D can be selected elements 
or compounds that do not form strong (chemical) bonds 
with the host lattice MoS2. When friction testing scheme 
disk sphere coatings with a hexagonal crystal structure 
of molybdenum disulfide 2H-MoS2

 

were obtained 
sufficiently low coefficient of friction, but in general the 
corresponding friction natural molybdenum disulfide. 
However, friction tests in the same conditions coating 
composition MoS2Dx  led to getting unusually low values 
of the coefficient of friction (effect of superlow

 

friction)

 

(Fig.5). 

 

Electron diffraction studies of coatings MoS2Dx

 

showed that there was a significant increase them ¬ 

© 2014   Global Journals Inc.  (US)

G
lo
ba

l 
J o

ur
na

l 
of

R
es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
    
 

(
)

A
V
ol

  
  
 

  

51

Y
e
a
r

20
14

Superlow Interaction in Layered Structures

methods and by electron-beam evaporation (REP) 
coatings of pure molybdenum and chromium and their 
compounds such as nitrides and oxides
with body-centered cubic lattice, in the center of the 
plate to form a coating samples with texture axis [110]. 
As the distance to the periphery was a gradual slope 
texture axis [110] to the center (up to the transition to the 
texture of a [111] axis) while being oriented to the [100] 
direction along radii from the center of the plate. I.e. also 
in this case maintained a similar growth mechanism.

Microphotographs (Fig.4) is not visible almost
two-dimensional elongation of the crystals, as in the 
case of transition-metal dichalcogenides, due to the lack 
of such a large anisotropy of the surface energy of
crystal faces. Cr2O3 coating had a hexagonal structure, 
space group D6

3d-3RS. Crystal growth Cr2O3 obey the 
same law - in the center of the plate texture is formed
with the axis [10 1 0] perpendicular to the substrate 
surface. crease the lattice period along the axis c (up to 1.38-

1.43 nm against 1.2295 nm for compounds with a 
stoichiometric composition (hexagonal 2H-MoS2) in 
practically constant period along the a axis . Increasing 
the distance between the layers when placing the D 
atoms in the inter-packet spaces due to the fact that the 
energy of the van der Waals interaction varies in 
proportion to ~ r-6, should lead to a decrease in this 
interaction practically an order of magnitude [1-6].  
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Figure 3 : Dependence durability of coatings based on 
samples of dichalcogenides Al2O3 substrate 
temperature Scheme disc-sphere. 1-MoS2;  2-MoSe2;
3 - WS2; 4 - WSe2; I - The amorphous structure; II -
Polycrystal; III - Texture; IY - Area expansion
dichalcogenide MX2 on metal and halcogen; Ub1,2 -
surface potential barrier and MoS2 and WSe2 ; Ur1,2 -
energy decomposition dichalcogenides MoS2 and WSe2



 

 

Figure 5 :

 

Coefficient of friction

 

on the duration of

 

the 
test

 

coatings

 

doped

 

MoS2  (1 - MoS2;  2 - МоS2Dх) 

Anti-friction coating with wear resistant under-
layer. In magnetron sputtering a target of pure 
molybdenum in an atmosphere of nitrogen was 
obtained from the compound coating type molybdenum 
nitride (solid solution) with high microhardness

 

(Vickers 
hardness scale (HV) 1,400 kgf/mm2). Molybdenum 
nitride forms cubic crystals with lattice period a = 
0,4163 nm. With the application of the technology

 

[1-6] 

 

have been applied to the coating composition variable

 

along

 

thickness of the wear layer composition to the 
antifriction (MkN - MkNmXn - MX2DX), in which the outer 
sliding layer of MoS2

 

stoichiometric composition was 
replaced with an additional layer MX2DX

 

alloying element 
D. Coating MoS2DX

 

led to ultralow values of the 
coefficient of friction on the air under normal conditions 
(Fig.5,6).  

 

 

Figure 6 : Dependence of

 

the friction coefficient

 

on the 
duration of

 

the test

 

coatings: 1 - MoS2; 2 - MoS2Дх,; 3 - 
(Mo2N- MkNmXn - MoS2); 4 - (Mo2N- MkNmXn- MoS2Дх) 

Studies were carried out properties of the

 

composite anti-friction wear-resistant coating based on 
tungsten diselenide and disulfide WS2 and WSe2, 
deposited on a substrate made of structural strength 
titanium alloy VT23,

 

and gallium alloyed coating 
WS2Gax and WSe2Gax (Fig. 7), deposited on a 
substrate by reactive

 

electron-beam plasma spraying 
(RAP) as wear Cr2O3

 

sublayer thickness of 2.0-2.5 
microns.

 

 

Figure 7 :

 

Electron diffraction

 

(a, b) and

 

micrographs

 

(x5000) (c, d, e) coating

 

WS2Gax

 

 

Figure 8 : Dependence of

 

the friction coefficient

 

on the 
duration of

 

the test

 

doped

 

coatings

 

WS2 and

 

WSe2 with 
wear

 

sublayer

 

Cr2O3, deposited on

 

titanium alloys:

 

                      
(1 - WS2;  2 - WSe2;  3 - WSe2Gaх;  4 - WS2Gaх) 

Coatings based on dichalcogenides WS2

 

and 
WSe2

 

had a hexagonal structure, crystal growth 
corresponded to the above atomic cluster model of 
crystallization on the formation of smooth 

 

periphery texture with two axes type mosaic crystal. 
Doping gallium of WS2 and WSe2

 

coatings led to a 
significant increase in their tribo-technical properties 
(Fig. 8).  
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IV. Disscussion of Results

Based on the concepts of migration processes 
of atoms on the surfaces of solids, along with a rough 
structure of atomically smooth areas, created a 
generalized mathematical model of the application and 
obtained the properties of ion-plasma coatings, 
determining their structure during application and 
physico-mechanical properties of the coatings when 
applying such coatings[1-6].
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On the basis of established generalized 
theoretical model: 
-

 

Application developed atomic cluster model of 
crystal growth in the coating vapor deposition or the 
flow of sputtered particles in vacuum, caused by the 
presence of two phases on the surface of the atoms 
(condensed and migratory) and phase transitions 
occurring in a temperature range on the substrate;

 

-

 

Proposed and experimentally substantiated 
mechanism of action of anti-friction coatings doped 
dichalcogenides explaining the effect of superlow

 

friction solid laminates and defining opportunities for 
ultralow friction.

 

The essence of atomic cluster 
model of crystal growth is as follows: Atoms in the 
adsorption sites in the "sedentary state" on a solid 
surface are condensed phase. Migratory phase can 
be represented as two-dimensional gas on the 
surface that follows an exponential distribution of 
particle energies (Maxwell

 

distribution). The ratio of 
the two phases determines the structural state of 
the growing coating. Then the crystal size L in

 

a 
growing number of the coating is determined by the 
ratio of the condensed phase (defined by B) and the 
migratory phase (defined by C).

 

L = A [(1- ε)В

 

+ εС]1\2           /   1   /

 

where  A - value depending on the structure and 
properties of deposited material.

 

Flux of sputtered material in vacuum ion-plasma 
deposition methods, along with the atomic phase 
contains a certain number of cluster phase consisting of 
N atoms (for N

 

= 1,2,3 and more). Such polarized 
clusters in the coating on the surface can be oriented 
properly and around the center of the board and play a 
role in the crystallization step coverage, identifying the 
growing structure. Decisive influence should provide

 

flow distribution of the deposited particles on the cosine 
law. Thus facets with the highest surface energy should 
rise with a slope in the direction of maximum density

 

of 

 

flux, which particles with the cosinusoidal distribution

 

of 
the target is in the center. Under the influence of these 
factors together formed texture with two axes preferred 
orientation of crystallites, with properties approaching 
the single crystal (Fig.1, 2).

 

With increasing temperature

 

observed

 

broadening of the distribution curve of the particle 
energy, the displacement magnitude of the potential 
barrier at higher temperatures should be an increase in 
the width of the crystallization.

 

As indicated above, this 
occurs, for example, in the case of transition metal 
dichalcogenides, wherein the smallest width of the 
crystallization for MoS2

 

(373 ... 413 K, and, most - for

 

WSe2 (493 ... 563 K). Therefore, when the displacement 
magnitude of potential barrier to

 

absolute zero can be 
achieved practically hopping phase transition type 
crystallization (Fig. 9), which may occurs,

 

for example, in 

the time of the transition from the normal state

 

to the

 

 
 

 

Curve 1, 2 - L value specifications for 
compounds MX2

 

(1 or 2);

 

Curve 3 - envelope of the inflection points of the 
energy distribution of particles MX2

 

(1 or 2); 

 

Ub1, 2 - MX2

 

surface potential barrier (1 or 2 ); 

 

Ur1, 2 - MX2 binding energy (1 or 2 ); 

 

PT1

 

and PT2 - phase transitions. 
Antifriction mechanism of action,

 

explaining the 
occurrence of the effect of superlow friction solid 
laminates based dichalcogenides and defining high 
tribological

 

properties of the coatings during friction, 
cracking easily justified crystals on planes (0001) 
dichalcogenide packages where there are weak van der 
Waals interactions of the type, not related to the 
exchange or socialization electrons, and allow ease of 
sliding such packets to each other. Terms of superlow 
friction coefficients are presented in [1-6]. Determining 
factor in this process is to not break the binding 
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energies of Ur in the contact zone, and the shift of the 
atomic planes overcoming potential barriers sliding over 
each other surfaces Ub. In the study of changes in the 
surface layers during friction dichalcogenides found that 
the structure of crystals with preferred orientation   
(texture ) with the axis [1010] turns into a texture with 
the [0001] direction perpendicular to the substrate.

The emergence of superlow friction due to the 
presence of migratory phase on friction surfaces (0001), 
in a state of two-dimensional gas. In [1-6] the 

superconducting. 
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Figure 9 : Dependence characteristics L (a) and the 
particle energy distribution (b) of temperature



    
 

occurrence of this phenomenon is determined by the

 

coefficient of

 

slip Ks

 

ratio of condensed

 

Вs

 

and migratory

 

Cs

 

phases through the dependence

 

                   Кs

 

= Aa

 

[(1- ε)Вs

 

+ εСs]1\2             /  2  /    

where Aa - value depending on the structure 
and properties of

 

applied

 

substance.                                            

 

The particles of this phase (atoms , molecules, 
clusters) can be adsorbed from the environment or 
introduced into the lattice of solid as it is formed . For 
superlow friction coefficients in normal air must shift the 
phase transition in the temperature range of less than 
300 K , i.e. the binding energy of atoms adsorbed on the 
(0001) plane dihalcogenide to ensure free movement on 
the surface to be less than the kinetic energy of the 
atom under normal conditions.

 

Mass transfer without 
heat loss and energy costs possible along the 
equipotential surface. Having alloy monolayers of 
particles on the surfaces of friction increases the 
distance between the planes (0001) and reduces the 
interaction energy between the layers Ur. Such particles 
when opportunities for migration

 

of the diffusion surface 
(0001) provide ease of sliding the opposed planes 
(0001) relative to each other and thus by moving the 
particles along the field lines of the surface ( 0001 ) 
arises the possibility of movement without energy 
dissipation.

 

In the absence of a condensed phase is 
preserved only migratory phase

 

                        Кs  =  Aa

 

(εСs)1\2        /  3  /,

 

provides the effect of  superlow 

 

friction.

 

V.

 

Superlow

 

Interaction

 

between

 

Particles

 

Discovered physical phenomenon of mass 
transport along the lines of equipotential surface fields 
without energy dissipation in the absence of resistance 
forces is a process of moving the motion of matter, 
manifested in the form of ultra-low friction, 
superconductivity and superfluidity. This movement is 
possible under normal conditions in the form of particles 
moving between the solid surface along the lines of 
equipotential fields determined the shape and

 

structure 
of the Fermi surface. 

An unusual feature of the motion

 

of particles 
(atoms, molecules, clusters) of homogeneous singular 
planes (0001) dichalcogenides is uniform motion without 
energy dissipation. Similar phenomena have been 
observed to create the conditions for the movement of 
particles in the

 

absence of frictional forces (superfluidity) 
and resistance to movement of particles 
(superconductivity). Intercalation dichalcogenides which 
are semiconductors, led to the emergence of their 
superconducting properties, which was a consequence 
of placement of dopant atoms in the interlayer spaces. 

Superlow friction phenomena and superconductivity 
observed in layered crystal structures of type 
dichalcogenides (MX2) and diboride (MB2) metals [1-6]. 
In magnesium diboride MgB2

 

was discovered high-
temperature superconductivity for a simple chemical 
compound critical temperature of 39 K, due to the 
presence in MgB2

 

energy gap is not one but two . In the 
superconducting magnesium diboride present two kinds 
of Cooper pairs. Their interaction provides a sufficiently 
high temperature Superconductivity. It is important to 
note that each class has its electron pairs size, or its 
coherence length. Wherein magnesium diboride is only 
one value of the London penetration depth.

 

In [5,6] studied the movement of negatively 
charged electron around the positive proton in the 
hydrogen system with the absence of dissipation in the 
uniform motion. To preserve the symmetry of Riemann 
and  Lobachevsky fields opposite curvature in such 
systems, there exists the possibility of geometrical 
rectilinear motion of a particle in the absence of 
centripetal forces, the conservation movement at a 
constant speed . In this case, there is no change in the 
energy of the moving particles, i.e. the absence of 
dissipation.

 

Anisotropic properties dihalcogenides and 
diboride preserves mass transfer phenomena 
dissipationless along equipotential

 

surfaces fields 
determined the shape and structure of the Fermi surface 
at a sufficiently high temperature. Placement of dopant 
particles in the interlayer spaces along the plane ( 0001 ) 
causes the mass to move at a constant speed without 
dissipation of energy, i.e. there is the possibility of zero 
change of the interaction energy with the solid surface 
during the movement (a phenomenon superlow friction). 

High-temperature transport mass

 

without 
dissipation is possible along the lines of equipotential

 

surfaces (0001) layered anisotropic compounds in the 
presence of a layered structure of the solid body spaces 
van der Waals forces. Owing to the special status of the 
layered solid body - the availability of space Van der 
Waals forces - which are long-range forces of the 
dispersion and no free valence electrons capable of 
forming strong exchange interactions, there is the 
possibility of moving particles without dissipation 
(scattering) energy. 

 

Interaction between packages of 
dichalcogenide  X-M-X (X – chalcogen; M - metal) have 

© 2014  Global Journals Inc.  (US)
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dispersion nature, which are based on the dipoles 
formed by the action of collective phonon vibrations of 
the atoms inside the package X -M - X . These vibrations 
cause additive phonon vibrations associated with the 
polarization of opposite sign in the nearby package. 
Additivity of the dispersion interaction (unlike pair 
interactions of exchange type) causes its long-range 
nature of this interaction and potential decreases with 
increasing size of the gap by doping dichalcogenide by
law  r -2 , up to n = 2. 

um
e 

 X
IV

  
Is
su

e 
 I
I 
 V

er
si
on

 I
  



 
 

Dissipative processes are the result of the 
forces of resistance arising from the exchange 
interaction processes.

 

VI.

 

Conclusions

 

-

 

Drawing doped multilayer coatings enables 
obtaining ultralow friction under normal 
environmental conditions and increases the 
durability of the coating several times. 

 

-

 

The phenomenon of non-dissipative mass transfer 
along the equipotential surfaces of fields that define 
the shape and structure of the Fermi surface.

 

-

 

Established that ultra low friction, superconductivity 
and superfluidity are related phenomena defined 
phase transition through the critical value of the 
characteristic parameter (energy potential barrier) 
Fermi surfaces. Creation of the composite coatings 
of variable thickness of the wear layer doped to 
antifriction of high anti-friction and wear-resistant 
properties.

 

References Références Referencias

 

1.

 

Nozhenkov, M.V. 

 

The structure and

 

properties of 
vacuum

 

ion-plasma coatings. Journal of Surface 
Investigation. X-ray, Synchrotron and Neutron 
Techniques, 2014, v.8, N1, pp 54-63. 

2.

 

Nozhenkov M.V.  Influence of crystalline structure on 
triboengineering properties of vacuum ion-plasma 
coatings, Journal of Friction and Wear, March 2013, 
Volume 34, Issue 2, pp 147-155. 

3.

 

Nozhenkov, M.V. The

 

ultra-low

 

friction of

 

layer 
structures// Mechanical Engineering Research. 
2013, v.3, N2. pp 73-90.  

4.

 

Nozhenkov, M.

 

V. The low

 

friction

 

of solids

 

//

 

Friction 
and wear. 1987. Vol.8, № 3. pp 459-466. 

5.

 

Nozhenkov, M.V.

 

Weak

 

interactions

 

of particles

 

in 
solids

 

//

 

Nanoengineering. 2012. N 3 (9). pp 41-47. 
6.

 

Nozhenkov, M.V. Crystal structure and properties of 
coatings deposited

 

by vacuum ion-plasma methods 
// Hardening and coating technology. 2012. N 9. pp 
38-48. 

 
 
 

© 2014   Global Journals Inc.  (US)

G
lo
ba

l 
J o

ur
na

l 
of

R
es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
    
 

(
)

A
V
ol

  
  
 

  

55

Y
e
a
r

20
14

Superlow Interaction in Layered Structures

um
e 

 X
IV

  
Is
su

e 
 I
I 
 V

er
si
on

 I
  

http://link.springer.com/search?facet-author=%22M.+V.+Nozhenkov%22�
http://link.springer.com/journal/11959�
http://link.springer.com/journal/11959/34/2/page/1�


 
 

 
 

 

 
 
 
 
 
 
 
 
 
 

This page is intentionally left blank 

  

Superlow Interaction in Layered Structures

© 2014  Global Journals Inc.  (US)

G
lo
ba

l 
Jo

ur
na

l 
of

R
es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
    
 

(
)

A
V
ol

e
  
  
 

  

56

Y
e
a
r

20
14

um
e 

 X
IV

  
Is
su

e 
 I
I 
 V

er
si
on

 I
  



© 2014. V. V. Prathibha Bharathi & Dr. Smt. G. Prasanthi. This is a research/review paper, distributed under the terms of the 
Creative Commons Attribution-Noncommercial 3.0 Unported License http://creativecommons.org/licenses/by-nc/3.0/), permitting 
all non commercial use, distribution, and reproduction inany medium, provided the original work is properly cited. 
 

Global Journal of Researches in Engineering: A 
Mechanical and Mechanics Engineering 
Volume 14 Issue 2 Version 1.0  Year 2014 
Type: Double Blind Peer Reviewed International Research Journal 
Publisher: Global Journals Inc. (USA) 
Online ISSN: 2249-4596 & Print ISSN: 0975-5861 

 

Investigation on the Effect of EGR with Diesel
 
and Grooved 

Piston with Diamond Mesh Cut in
 
an Internal Combustion 

Engine 
By V. V. Prathibha Bharathi & Dr. Smt. G. Prasanthi

 

                                                                                  

  

                                                                                                                                                             India

 

Abstract-  In this present work a study about influence of the

 

Exhaust gas recirculation (EGR) in 
the cylinder upon the

 

performance and emission of a single cylinder diesel direct

 

injection engine 
is presented. In order to achieve good swirl

 

intensity in the cylinder, a grooved brass piston

 

with 
9 grooves

 

with Diamond mesh cut configuration on the piston crown is

 

selected. With this 
modification turbulence in the combustion

 

chamber is enhanced. Also in the present work, 
performance

 

of the engine is done with diesel along with 10%, 15% and

 

20% EGR, with 9 
grooved piston (GP) with Diamond mesh cut

 

configuration.   

Keywords:

 

EGR, diesel, grooved piston, air swirl.

 

GJRE-A Classification :

 

FOR Code:  

InvestigationontheEffectofEGRwithDieselandGroovedPistonwithDiamondMeshCutinanInternalCombustionEngine

 
 
 

                                                              

 

                                                             

Strictly as per the compliance and regulations of:

 
 

 
 
 
 
 
 
 
 
 

Jawaharlal Nehru Technological University Hyderabad (JNTUNCE),

850402, 091399



 
 

Investigation on the Effect of EGR with Diesel 
and Grooved Piston with Diamond Mesh Cut in 

an Internal Combustion Engine 
V. V. Prathibha Bharathi α & Dr. Smt. G. Prasanthi σ 

Abstract- In this present work a study about influence of the 
Exhaust gas recirculation (EGR) in the cylinder upon the 
performance and emission of a single cylinder diesel direct 
injection engine is presented. In order to achieve good swirl 
intensity in the cylinder, a grooved brass piston with 9 grooves 
with Diamond mesh cut configuration on the piston crown is 
selected. With this modification turbulence in the combustion 
chamber is enhanced. Also in the present work, performance 
of the engine is done with diesel along with 10%, 15% and 
20% EGR, with 9 grooved piston (GP) with Diamond mesh cut 
configuration 
Keywords: EGR, diesel, grooved piston, air swirl. 

I. Introduction 

egulations to reduce NOx emissions continue to 
become more and more stringent year after year. 
Since high cylinder temperatures cause NOx, it 

can be reduced by lowering the cylinder temperatures. 
Reduced cylinder temperatures can be achieved by 
reducing the amount of oxygen by re-circulating a part 
of exhaust gases back in to the cylinder, which inhibits 
the combustion process. In the present work, engine 
tests are conducted with 10%, 15% and 20% EGR along 
with Grooved piston with 9 grooves with Diamond mesh 
cut configuration (Appendix-A), and their effect on 
performance and emissions are studied.  
• EGR10 :10% of exhaust gas circulation. 
• EGR15 :15% of exhaust gas circulation. 
• EGR20 : 20% of exhaust gas circulation.  
a) Test Engine

 A single cylinder air-cooled four stroke, direct 
injection (DI) compression ignition diesel engine is 
chosen for the present investigation. The detailed 
engine specifications are provided in Appendix-B.

 
The 

recommended injection timing by the manufacturer is 
280bTDC (static) and the nozzle opening pressure of 
190 bar.
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II.

 

Performance

 

Parameters

 

The performance parameters like brake thermal 
efficiency, brake specific fuel consumption and exhaust 
gas temperature are discussed below. 

 

a)

 

Brake Thermal Efficiency

 

The variations of brake thermal efficiency with 
power output for the piston with different configurations 
are shown in Figure 1. The brake thermal efficiency for 
normal engine at 3/4 of rated load is 26%. It can be 
observed that the engine with EGR10, EGR15 and 
EGR20 give thermal efficiencies of 28.1%, 27.9 and 
27.6%, respectively, at 3/4 of rated load. From Figure, it 
is inferred that the brake thermal efficiencies are 
increasing with an increase in brake power for 
configurations that are under consideration. It is also 
observed that there is a gain of 7.4% with EGR20 for 
normal engine.

 

b)

 

Brake Specific Fuel Consumption 

 

The variations of brake specific fuel 
consumption with brake power for different 
configurations are shown in Figure 2. The brake specific 
fuel consumption for normal engine at 3/4 of rated load 
is 0.34 kg/kW-hr. It can be observed that the engine with 
EGR10, EGR15 and EGR20 give brake specific fuel 
consumption of 0.31 kg/kW-hr, 0.32 kg/kW-hr and 0.33 
kg/kW-hr respectively, at 3/4 of

 

rated load. From Figure 
4.20, it is inferred that the brake specific fuel 
consumption are increasing with an increase in brake 
power for configurations that were under consideration. 
It is also observed that the EGR20 has a reduction of 
2.94% of fuel consumption for normal engine.

 

c)

 

Exhaust Gas Temperature 

 

The comparison of exhaust gas temperature 
with brake power is shown in Figure 3. The exhaust gas 
temperatures are higher for EGR10 compared to that of 
EGR20. The exhaust gas temperature for EGR20 varies 
from 145°C at no load to 328°C at 3/4 of rated load. For 
EGR 10, the exhaust gas temperature varies from 149°C 
at no load to 330°C at 3/4 of rated load whereas for 
normal engine it varies from 151°C at no load to 341°C 
at 3/4 of rated load. It is observed that there is a 
decrease of 3.8% for EGR20 at normal engine. 

 

R 
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III. Combustion Parameters

The combustion parameters like ignition delay 
and peak pressure are discussed below.
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a)

 

Ignition Delay 

 

The variation of ignition delay with brake power 
for different configurations is shown in Figure 4. It is 
inferred that ignition delay, decreases with an increase 
in brake power for almost all configurations. With an 
increase in brake power, the amount of fuel being burnt 
inside the cylinder is increased and subsequently the 
temperature of in-cylinder gases is increased. This may 
lead to reduced ignition delay in all configurations. 
However, the ignition delay for diesel fuel was lower 
under EGR10, EGR15 and EGR20 configurations than 
the normal engine. It is observed that the ignition delay 
of EGR10, EGR15 and EGR20 are 10.3o CA, 10.5o CA 
and 10.8o CA at 3/4 of rated load respectively. The 
reduction in the ignition delay of EGR20 is about 1.8% at 
3/4 of rated load for normal engine.

 

b)

 

Cylinder Peak Pressure 

 

The variations of peak cylinder gas pressure 
with brake power for different configurations are given in 
Figure 5. It is observed that the peak pressure is 
increased with an increase in brake power. The peak 
pressures for EGR10, EGR15 and EGR20 are 57.4 bar, 
57.8 bar and 58.4 bar at 3/4 of rated load respectively. 
There is a decrease of 2.7 % in peak pressure

 

for normal 
engine. 

 

IV.

 

Emission

 

Parameters

 

The emission parameters like smoke density, 
NOx emission hydrocarbon and carbon monoxide 
emission are discussed below.

 

a)

 

Smoke Density 

 

Smoke is solid soot particles suspended in 
exhaust gas. The comparison of smoke level with brake 
power is shown in Figure 6. It can be observed that 

smoke increases with increase in brake power. The 
smoke number for EGR10, EGR15 and EGR20 are 2.35 
BSU, 2.38 BSU and 2.4 BSU respectively, whereas for 
normal engine it is 2.46 BSU. Due to the complete 
combustion of diesel with excess air, the smoke 
emissions are marginal. At 3/4 of the rated load, the 
smoke emissions for EGR20 are reduced by about 2.4 
% for normal engine.

 

b)

 

Nitrogen Oxide Emissions 

 

The comparison of NOx emission with brake 
power for different configurations is shown in Figure 7. It 
can be observed from the figure that NOx emission 
increases with increase in turbulence in the

 

cylinder 
because of high temperature. The NOx emissions for 
EGR10, EGR15 and EGR20 are 540 ppm, 520 ppm and 
490 ppm respectively, whereas for normal engine it is 
562 ppm. The NOx emissions are lower of 13 % for 
EGR20 for normal at 3/4 of rated load. 

 

c)

 

Hydrocarbon Emissions 

 

The comparison of Hydrocarbon emission with 
brake power is shown in Figure 8. The HC emissions for 
EGR10, EGR15 and EGR20 are 71 ppm, 72 ppm and 74 
ppm respectively, whereas for normal engine it is 78.2 
ppm. The HC emissions are lower of

 

5.4% for EGR20 for 
normal at 3/4 of rated load. 

 

d)

 

Carbon Monoxide Emissions 

 

The comparison of Carbon monoxide emission 
with brake power is shown in Figure 9. The CO 
emissions for   EGR10, EGR15 and EGR20 are 0.155, 
0.162 and 0.165 % volume respectively, whereas for 
normal engine it is 0.17 % volume. The CO emissions 
are lower of 2.9% for EGR20 for normal engine at 3/4 of 
rated load.
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Figure 1 : Comparison of Brake thermal Efficiency with different percentages of EGR
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Figure  2 :

 

Comparison of Brake specific fuel consumption with different  percentages of EGR
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Figure 3 : Comparison of Exhaust gas temperatures with different percentages of EGR
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Figure 4 : Comparison of Ignition delay with different percentages of EGR
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Figure 5 : Comparison of Peak pressure with different percentages of EGR
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Figure 6 : Comparison of Smoke Density with different percentages of EGR
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Figure 7 : Comparison of NOx with different percentages of EGR
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Figure 8 : Comparison of HC with different percentages of EGR
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Figure 9 : Comparison of CO with different percentages of EGR
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Appendix-A

 

 

 

Specifications of Diesel Engine

 

Appendix-B

 

Engine Parameters

 

Specifications

 

Make

 

Kirloskar

 

Type

 

Single Cylinder,  DI Vertical

 

Type of Cooling

 

Water

 

Rated Horse Power(kW)

 

3.68

 

Rated Speed (R.P.M)

 

1500

 

Compression Ratio

 

16.5:1

 

Bore (mm)

 

80

 

Stroke (mm)

 

110

 

Swept Volume (cm 3)

 

553

 

Injection Timing

 

28o

 

b TDC

 
 

V.

 

Conclusions 
The following conclusions are drawn based on 

the effect of EGR in the cylinder and the results are 
compared to normal engine at 3/4 of the rated load.

 



 

The brake thermal efficiency is increased by about 
7.4%.

 



 

The improvement in brake specific fuel consumption 
is about 2.9%. 

 



 

The exhaust gas temperature is lower and it is 3.8% 
less than normal engine. 

 



 

The reduction in the ignition delay is about 1.82%. 

 



 

The peak cylinder pressure is decreased by about 
2.7%. 

 



 

The smoke emission in the engine is reduced by 
about 2.4% 

 



 

The maximum reduction in NOx emissions are 
about 13%. 

 



 

The maximum reduction in HC emissions are about 
5.4%. 

 



 

The carbon monoxide emissions are found to be 
reduced by about 2.9%. 

 

From the investigation, it is evident that in the 
single cylinder D.I diesel engine, the combination of 
karanja bio-diesel with EGR20 and piston with nine 
grooves give better performance and reduced 
emissions. 

 
 
 

© 2014   Global Journals Inc.  (US)

G
lo
ba

l 
Jo

ur
na

l 
of

R
es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
    
 

(
)

A
V
ol

  
  
 

  

63

Y
e
a
r

20
14

Investigation on the Effect of EGR with Diesel and Grooved Piston with Diamond Mesh Cut in an 
Internal Combustion Engine

References Références Referencias

1. Jorge martins, Senhorinhateixeira, Stijncoene, 
“Design of an inlet track of a Small I. C. engine for 
swirl enhancement”, Proceedings of COBEM 2009 
20th International Congress of Mechanical 
Engineering November 15-20, 2009. 

2. Ming Zheng a, Graham T. Reader b, J. Gary Hawley 
C, Diesel engine exhaust gas recirculation –– a 
review on advanced and novel concepts, Energy 
Conversion and Management ,vol.45 ,pp 883–900, 
2004. 

3. Mohamed Y.E. Selim, Effect of exhaust gas 
recirculation on some combustion characteristics of 
dual fuel engine, Energy Conservation and 
Management, vol.44, pp 707 -721, 2003. 

4. Deepak Agarwal, ShailendraSinha and Avinash 
Kumar Agarwal, Experimental investigation of 
control of NOx emissions in bio-diesel-fueled 
compression ignition engine, Renewable Energy, pp 
960-1481, 2005. 

5. K.N.Abadalla, “Prediction of cylinder pressure in a 
diesel engine using an improved mixture formation 
model”, Sudan engineering Society journal 
Vol:43.Jan 1997. pp. 55-60. 

6. W. Pulkrabek, “Internal Combustion Engine”, 
Second Edition PEARSON Prentice Ha11, New 
Jersey, 2004. 

7. Nidal H. Abu -Hamdeh, Effect of cooling the 
recirculated exhaust gases on diesel engine 
emissions, Journal of Energy Conservation and 
Management , vol.44, pp 3113 -3124, 2003. 

8. Urushihara, T., Nakada, T., Kakuhou, A., and 
Takagi, Y. “Effects of swirl/tumble motion on in-
cylinder mixture formation in a lean-burn engine”, 
SAE 961994, 1996. 

9. Brandl . “Turbulent Air Flow in the Combustion Bowl 
of a D. I. Diesel Engine and Its Effect on Engine 
Performance” SAE Paper: 790040, 1979. 

10. E. Kazuya Ishiki, Shinji Oshida and Masaaki 
Takiguchi, “A Study of Abnormal Wear in Power 
Cylinder of Diesel Engine with EGR – Wear 
Mechanism of Soot Contaminated in Lubricating 
Oil”, SAE: Proceedings of SAE 2000 World 
Congress, March 2000, SAE Technical Paper No. 
2000-01-0925, 2000. 

um
e 

 X
IV

  
Is
su

e 
 I
I 
 V

er
si
on

 I
  



 
 

 
 

 
 
 
 
 
 
 
 
 
 

Global Journals Inc. (US) Guidelines Handbook 2014

www.GlobalJournals.org

 
 
 
 
 
 
 
 

 
 
 
 

 
 
 

 
 
 
 
 



  

Global  Journals  Incorporate  (USA) is accredited by Open Association of Research                                             

Society (OARS), U.S.A and in turn, awards “FARSE ” title to individuals. The 'FARSE'                                                      

 

title is accorded to a selected professional after the approval of the Editor-in-Chief                                             

/Editorial Board Members/Dean.  

 

 

FARSE accrediting is an honor. It authenticates your research activities. After recognition as FARSE, you 
can add 'FARSE' title with your name as you use this recognition as additional suffix to your status. This 
will definitely enhance and add more value and repute to your name. You may use it on your 
professional Counseling Materials such as CV, Resume, and Visiting Card etc.

 
The following benefits can be availed by you only for next three years from the date of certification:

 
FARSE designated members are entitled to avail a 40% discount while publishing their 

research papers (of a single author) with Global Journals Incorporation (USA), if the 

same is accepted by Editorial

 

Board/Peer Reviewers. If you are a main author or co-

author in case of multiple authors, you will be entitled to avail discount of 10%.

 
Once FARSE title is accorded, the Fellow is authorized to organize a 

symposium/seminar/conference on behalf of Global Journal Incorporation (USA).The 

Fellow can also participate in conference/seminar/symposium organized by another 

institution as representative of Global Journal. In both the cases, it is mandatory for 

him to discuss with us and obtain our consent.

 You may

 

join as member of the Editorial Board of Global Journals Incorporation (USA) 

after successful completion of three years as Fellow and as Peer Reviewer. In addition, 

it is also desirable that you should organize seminar/symposium/conference at least 

once.

 We shall provide you intimation regarding launching of e-

time.This may be utilized in your library for the enrichment of knowledge of your 

students as well as it can also be helpful for the concerned faculty members.

 

FELLOW OF ASSOCIATION OF RESEARCH SOCIETY IN ENGINEERING (FARSE)

Fellows  

The “FARSE” is a dignified title which is accorded to a person’s name viz. Dr. John E. Hall, 
Ph.D., FARSE or William Walldroff, M.S., FARSE.

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

I

version of journal of your stream time to 



The FARSE can go through standards of OARS. You can also play vital role if you have 

any suggestions so that proper amendment can take place to improve the same for the 

benefit of entire research community.

 

 
 

FARSE

 
 

The F

Standardization of research will be subject to acceptability within stipulated norms as 

the next step after publishing in a journal. We shall depute a team of specialized 

research professionals who will render their services for elevating your researches to 

next higher level, which is worldwide open standardization.

 

 

The FARSE member can apply for grading and certification of standards of their 

educational and Institutional Degrees to Open Association of Research, Society U.S.A.

 

Once you are designated as FARSE, you may send us a scanned copy of all of your 

credentials. OARS will verify, grade and certify them. This will be based on your 

academic records, quality of research papers published by you, and some more 

criteria. After certification of all your credentials by OARS, they will be published on your Fellow Profile 

link on website https://associationofresearch.org which will be helpful to upgrade the dignity.

 

The FARSE

 

members can avail the benefits of free research podcasting in Global 

Research Radio with their research documents. After publishing the work, (including 

published elsewhere worldwide with proper authorization) you can upload your 

research paper with your recorded voice or you can utilize chargeable services of our 

professional RJs to record your paper in their voice on request.

 

The FARSE member also entitled to get the benefits of free research podcasting of 

their research documents through video clips. We can also streamline your 

conference videos and display your slides/ online slides and online research video 

clips at reasonable charges, on request.

 

 

As            , you will be given a renowned, secure and free professional email address 
with 100 GB of space e.g. johnhall@globaljournals.org. This will include Webmail, 
Spam Assassin, Email Forwarders,Auto-Responders, Email Delivery Route tracing, etc.

ARSE will be eligible for a free application of standardization of their researches. 

IIII

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



be credited to his/her bank account. The entire entitled amount will be credited to his/her bank 

account exceeding limit of minimum fixed balance. There is no minimum time limit for collection. The 

FARSE member can decide its price and we can help in making the right decision.

 

The FARSE member is eligible to join as a paid peer reviewer at Global Journals 

Incorporation (USA) and can get remuneration of 15% of author fees, taken from the 

author of a respective paper. After reviewing 5 or more papers you can request to 

transfer the amount to your bank account.

 

The FARSE is eligible to earn from sales proceeds of his/her 

researches/reference/review Books or literature, while publishing with Global 

Journals. The FARSE can decide whether he/she would like to publish his/her research 

in a closed manner. In this case, whenever readers purchase that individual research 

paper for reading, maximum 60% of its profit earned as royalty by Global Journals, will 

MEMBER OF ASSOCIATION OF RESEARCH SOCIETY IN ENGINEERING (MARSE)

MARSEThe '              ' title is accorded to a selected professional after the approval of the 

Editor-in-Chief / Editorial Board Members/Dean.

The                  is a dignified ornament which is accorded to a person’s name viz. Dr. 

John E. Hall, Ph.D., 

“MARSE” 

MARSE or William Walldroff, M.S., MARSE.

MARSE accrediting is an honor. It authenticates your research activities. After becoming MARSE, you 

can add 'MARSE' title with your name as you use this recognition as additional suffix to your status. 

This will definitely enhance and add more value and repute to your name. You may use it on your 

professional Counseling Materials such as CV, Resume, Visiting Card and Name Plate etc.

The following benefitscan be availed by you only for next three years from the date of certification.

MARSE designated members are entitled to avail a 25% discount while publishing their 

research papers (of a single author) in Global Journals Inc., if the same is accepted by 

our Editorial Board and Peer Reviewers. If you are a main author or co-author of a

group of authors, you will get discount of 10%.

As MARSE, you will be given a renowned, secure and free professional email address 

with 30 GB of space e.g. johnhall@globaljournals.org. This will include Webmail, Spam 

Assassin, Email Forwarders,Auto-Responders, Email Delivery Route tracing, etc.
              

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

III



 

 

 

 

 

 

 

 

 

 

 

 

 

 

We shall provide you intimation regarding launching of e-version of journal of your 

stream time to time.This may be utilized in your library for the enrichment of 

knowledge of your students as well as it can also be helpful for the concerned faculty 

members.

Once you are designated as MARSE, you may send us a scanned copy of all of your 

credentials. OARS will verify, grade and certify them. This will be based on your 

academic records, quality of research papers published by you, and some more 

criteria.

It is mandatory to read all terms and conditions carefully.

The MARSE member can apply for approval, grading and certification of standards of 

their educational and Institutional Degrees to Open Association of Research, Society 

U.S.A.

                   

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

                   

IV



 

  

 

 

Auxiliary Memberships 
  

Institutional Fellow of Open Association of Research Society (USA)-OARS (USA)
Global Journals Incorporation (USA) is accredited by Open Association of Research 
Society, U.S.A (OARS) and in turn, affiliates research institutions as “Institutional 
Fellow of Open Association of Research Society” (IFOARS).
The “FARSC” is a dignified title which is accorded to a person’s name viz. Dr. John E. 
Hall, Ph.D., FARSC or William Walldroff, M.S., FARSC.
The IFOARS institution is entitled to form a Board comprised of one Chairperson and three to five 
board members preferably from different streams. The Board will be recognized as “Institutional 
Board of Open Association of Research Society”-(IBOARS).

The Institute will be entitled to following benefits:

The IBOARS can initially review research papers of their institute and recommend 
them to publish with respective journal of Global Journals. It can also review the 
papers of other institutions after obtaining our consent. The second review will be 
done by peer reviewer of Global Journals Incorporation (USA) 
The Board is at liberty to appoint a peer reviewer with the approval of chairperson 
after consulting us. 
The author fees of such paper may be waived off up to 40%.

The Global Journals Incorporation (USA) at its discretion can also refer double blind 
peer reviewed paper at their end to the board for the verification and to get 
recommendation for final stage of acceptance of publication.

The IBOARS can organize symposium/seminar/conference in their country on behalf of 
Global Journals Incorporation (USA)-OARS (USA). The terms and conditions can be 
discussed separately.

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

The Board can also play vital role by exploring and giving valuable suggestions 
regarding the Standards of “Open Association of Research Society, U.S.A (OARS)” so 
that proper amendment can take place for the benefit of entire research community. 
We shall provide details of particular standard only on receipt of request from the 
Board.

The board members can also join us as Individual Fellow with 40% discount on total 
fees applicable to Individual Fellow. They will be entitled to avail all the benefits as 
declared. Please visit Individual Fellow-sub menu of GlobalJournals.org to have more 
relevant details.

V



 
 

 
 

 
 
 
 
 
 
 
 
 
 

We shall provide you intimation regarding launching of e-version of journal of your stream time to 
time. This may be utilized in your library for the enrichment of knowledge of your students as well as it 
can also be helpful for the concerned faculty members.

After nomination of your institution as “Institutional Fellow” and constantly 
functioning successfully for one year, we can consider giving recognition to your 
institute to function as Regional/Zonal office on our behalf.
The board can also take up the additional allied activities for betterment after our 
consultation.

The following entitlements are applicable to individual Fellows:

Open Association of Research Society, U.S.A (OARS) By-laws states that an individual 
Fellow may use the designations as applicable, or the corresponding initials. The 
Credentials of individual Fellow and Associate designations signify that the individual 
has gained knowledge of the fundamental concepts. One is magnanimous and 
proficient in an expertise course covering the professional code of conduct, and 
follows recognized standards of practice.

Open Association of Research Society (US)/ Global Journals Incorporation (USA), as 
described in Corporate Statements, are educational, research publishing and 
professional membership organizations. Achieving our individual Fellow or Associate 
status is based mainly on meeting stated educational research requirements.

Disbursement of 40% Royalty earned through Global Journals : Researcher = 50%, Peer 
Reviewer = 37.50%, Institution = 12.50% E.g. Out of 40%, the 20% benefit should be 
passed on to researcher, 15 % benefit towards remuneration should be given to a 
reviewer and remaining 5% is to be retained by the institution.

We shall provide print version of 12 issues of any three journals [as per your requirement] out of our 
38 journals worth $ 2376 USD.                                                   

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

                   

Other:

The individual Fellow and Associate designations accredited by Open Association of Research 
Society (US) credentials signify guarantees following achievements:

 The professional accredited with Fellow honor, is entitled to various benefits viz. name, fame, 
honor, regular flow of income, secured bright future, social status etc.

VI



 
 

 
 

 
 
 
 
 
 
 
 
 
 

Note :

″

″

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

 In addition to above, if one is single author, then entitled to 40% discount on publishing 
research paper and can get 10%discount if one is co-author or main author among group of 
authors.

 The Fellow can organize symposium/seminar/conference on behalf of Global Journals 
Incorporation (USA) and he/she can also attend the same organized by other institutes on 
behalf of Global Journals.

 The Fellow can become member of Editorial Board Member after completing 3yrs.
 The Fellow can earn 60% of sales proceeds from the sale of reference/review 

books/literature/publishing of research paper.
 Fellow can also join as paid peer reviewer and earn 15% remuneration of author charges and 

can also get an opportunity to join as member of the Editorial Board of Global Journals 
Incorporation (USA)

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

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

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

 In case of “Difference of Opinion [if any]” among the Board members, our decision will be final and 
binding to everyone.                                                                                                                                             

VII



 

 
 

 
 

 

 

Process of submission of Research Paper     
  

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

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

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

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

      (II) Choose corresponding Journal. 

      (III) Click ‘Submit Manuscript’.  Fill required information and Upload the paper. 

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

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

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

  
   

     

VIII

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



 

 
 

 
 

 
 

 

Preferred Author Guidelines    

MANUSCRIPT STYLE INSTRUCTION (Must be strictly followed) 

 Page Size: 8.27" X 11'" 

• Left Margin: 0.65 
• Right Margin: 0.65 
• Top Margin: 0.75 
• Bottom Margin: 0.75 
• Font type of all text should be Swis 721 Lt BT.  
• Paper Title should be of Font Size 24 with one Column section. 
• Author Name in Font Size of 11 with one column as of Title. 
• Abstract Font size of 9 Bold, “Abstract” word in Italic Bold. 
• Main Text: Font size 10 with justified two columns section 
• Two Column with Equal Column with of 3.38 and Gaping of .2 
• First Character must be three lines Drop capped. 
• Paragraph before Spacing of 1 pt and After of 0 pt. 
• Line Spacing of 1 pt 
• Large Images must be in One Column 
• Numbering of First Main Headings (Heading 1) must be in Roman Letters, Capital Letter, and Font Size of 10. 
• Numbering of Second Main Headings (Heading 2) must be in Alphabets, Italic, and Font Size of 10. 

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

1. General, 

2. Ethical Guidelines, 

3. Submission of Manuscripts, 

4. Manuscript’s Category, 

5. Structure and Format of Manuscript, 

6. After Acceptance. 

1. GENERAL 

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

Scope 

The Global Journals Inc. (US) welcome the submission of original paper, review paper, survey article relevant to the all the streams of 
Philosophy and knowledge. The Global Journals Inc. (US) is parental platform for Global Journal of Computer Science and Technology, 
Researches in Engineering, Medical Research, Science Frontier Research, Human Social Science, Management, and Business organization. 
The choice of specific field can be done otherwise as following in Abstracting and Indexing Page on this Website. As the all Global 

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

IX



 

 
 

 
 

 

Journals Inc. (US) are being abstracted and indexed (in process) by most of the reputed organizations. Topics of only narrow interest will 
not be accepted unless they have wider potential or consequences. 

2. ETHICAL GUIDELINES 

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

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

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

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

1) Substantial contributions to conception and acquisition of data, analysis and interpretation of the findings. 

2) Drafting the paper and revising it critically regarding important academic content. 

3) Final approval of the version of the paper to be published. 

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

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

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

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

Please mention proper reference and appropriate acknowledgements wherever expected. 

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

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

3. SUBMISSION OF MANUSCRIPTS 

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

Manuscript submission is a systematic procedure and little preparation is required beyond having all parts of your manuscript in a given 
format and a computer with an Internet connection and a Web browser. Full help and instructions are provided on-screen. As an author, 
you will be prompted for login and manuscript details as Field of Paper and then to upload your manuscript file(s) according to the 
instructions. 

                                
   

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

   

 X



 

 
 

 
 

 
 

To avoid postal delays, all transaction is preferred by e-mail. A finished manuscript submission is confirmed by e-mail immediately and 
your paper enters the editorial process with no postal delays. When a conclusion is made about the publication of your paper by our 
Editorial Board, revisions can be submitted online with the same procedure, with an occasion to view and respond to all comments. 

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

4. MANUSCRIPT’S CATEGORY 

Based on potential and nature, the manuscript can be categorized under the following heads: 

Original research paper: Such papers are reports of high-level significant original research work. 

Review papers: These are concise, significant but helpful and decisive topics for young researchers. 

Research articles: These are handled with small investigation and applications 

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

5.STRUCTURE AND FORMAT OF MANUSCRIPT 

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

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

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

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

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

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

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

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

(g) Discussion should cover the implications and consequences, not just recapitulating the results; conclusions should be summarizing. 

(h) Brief Acknowledgements. 

(i) References in the proper form. 

Authors should very cautiously consider the preparation of papers to ensure that they communicate efficiently. Papers are much more 
likely to be accepted, if they are cautiously designed and laid out, contain few or no errors, are summarizing, and be conventional to the 
approach and instructions. They will in addition, be published with much less delays than those that require much technical and editorial 
correction. 

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

XI



 

 
 

 
 

 

The Editorial Board reserves the right to make literary corrections and to make suggestions to improve briefness. 

It is vital, that authors take care in submitting a manuscript that is written in simple language and adheres to published guidelines. 

 Format 

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

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

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

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

Structure 

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

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

 Abstract, used in Original Papers and Reviews: 

Optimizing Abstract for Search Engines 

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

Key Words 

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

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

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

Choice of key words is first tool of tips to write research paper. Research paper writing is an art.A few tips for deciding as strategically as 
possible about keyword search:                                 
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• 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. 

• 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. 

• 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. 

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

XIII



 

 
 

 
 

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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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. 

 

 

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 I be able to carry our search in this area? Will I find all necessary recourses to accomplish 
the search? Will I 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.

 

 

11. Revise what you wrote: When you write anything, always read it, summarize it and then finalize it. 
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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.  

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. 

 

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.  

18.
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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.

 

Key points to remember:  

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

Final Points:  

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

The introduction will be compiled from reference matter and will reflect the design processes or outline of basis that direct you to make 
study. As you will carry out the process of study, the method and process section will be constructed as like that. The result segment will 
show related statistics in nearly sequential order and will direct the reviewers next to the similar intellectual paths throughout the data 
that you took to carry out your study. The discussion section will provide understanding of the data and projections as to the implication 
of the results. The use of good quality references all through the paper will give the effort trustworthiness by representing an alertness 
of prior workings. 

 

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. 

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, I 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                    

29.
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Separating a table/chart or figure - impound each figure/table to a single page 
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. 

 
 

 

 

 

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 

Insertion a title at the foot of a page with the subsequent text on the next page 
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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 
Significant conclusions or questions that track from the research(es) 

Approach: 

Single section, and succinct 
As a outline of job done, it is always written in past tense 
A conceptual should situate on its own, and not submit to any other part of the paper such as a form or table 
Center on shortening results - bound background information to a verdict or two, if completely necessary 
What you account in an conceptual must be regular with what you reported in the manuscript 
Exact spelling, clearness of sentences and phrases, and appropriate reporting of quantities (proper units, important statistics) 
are just as significant in an abstract as they are anywhere else 

Introduction:  

 

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

Explain the value (significance) of the study  
Shield the model - why did you employ this particular system or method? What is its compensation? You strength remark on its 
appropriateness from a abstract point of vision as well as point out sensible reasons for using it. 
Present a justification. Status your particular theory (es) or aim(s), and describe the logic that led you to choose them. 
Very for a short time explain the tentative propose and how it skilled the declared objectives. 

Approach: 

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. 

 

 

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 
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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. 
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 
Simplify - details how procedures were completed not how they were exclusively performed on a particular day.  
If well known procedures were used, account the procedure by name, possibly with reference, and that's all.  

Approach:  

It 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. 

 

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. 
Shape the theory/purpose specifically - do not take a broad view. 
As always, 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 
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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 
As forever, use past tense when you submit to your results, and put the whole thing in a reasonable order.
Put figures and tables, appropriately numbered, in order at the end of the report  
If you desire, you may place your figures and tables properly within the text of your results part. 

Figures and tables 
If 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  
In spite of position, each table must be titled, numbered one after the other and complete with heading 
All figure 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. 
Try to 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? 
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.  

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. 
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Do not discuss or infer your outcome, report surroundings information, or try to explain anything. 
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Topics Grades

A-B C-D E-F

Abstract

Clear and concise with 

appropriate content, Correct 

format. 200 words or below 

Unclear summary and no 

specific data, Incorrect form

Above 200 words 

No specific data with ambiguous 

information

Above 250 words

Introduction

Containing all background 

details with clear goal and 

appropriate details, flow 

specification, no grammar 

and spelling mistake, well 

organized sentence and 

paragraph, reference cited

Unclear and confusing data, 

appropriate format, grammar 

and spelling errors with 

unorganized matter

Out of place depth and content, 

hazy format

Methods and 

Procedures

Clear and to the point with 

well arranged paragraph, 

precision and accuracy of 

facts and figures, well 

organized subheads

Difficult to comprehend with 

embarrassed text, too much 

explanation but completed 

Incorrect and unorganized 

structure with hazy meaning

Result

Well organized, Clear and 

specific, Correct units with 

precision, correct data, well 

structuring of paragraph, no 

grammar and spelling 

mistake

Complete and embarrassed 

text, difficult to comprehend

Irregular format with wrong facts 

and figures

Discussion

Well organized, meaningful 

specification, sound 

conclusion, logical and 

concise explanation, highly 

structured paragraph 

reference cited 

Wordy, unclear conclusion, 

spurious

Conclusion is not cited, 

unorganized, difficult to 

comprehend 

References

Complete and correct 

format, well organized

Beside the point, Incomplete Wrong format and structuring
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