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ABSTRACT

Cd Zn S thin films (X = 0.2, 0.4, 0.6, 0.8) have been grown on glass

substrate by spray pyrolysis technique using equimolar concentration

aqueous solution of cadmium chloride, zinc acetate and thiourea.

Prepared thin films have been characterized by UV-VIS

spectrophotometer. The optical band gap of the films has been studied

by transmission spectra in wavelength range 325-600nm. It has been

observed that optical band gap increases with increasing zinc

concentration. The optical band gap of these thin films varies from 2.59

to 3.20eV with increasing Zn content.
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Thin films of a- Se Te In  were prepared by vacuum evaporation

technique in a base pressure of 10  Torr on to well cleaned glass

substrate. a-Se Te In  thin films were annealed at different temperatures

below their crystallization temperatures for 2h. The structural analysis of

the films has been investigated using X-ray diffraction technique. The

optical absorption spectra of these films were measured in the

wavelength range 400-1100 nm in order to derive the absorption

coefficient of these films. The optical band gap of as prepared and

annealed films as a function of photon energy has been studied. It has

been found that the optical band gap decreases with increasing annealing

temperatures in the present system.
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I Introduction
Even after spending a lot of money and human resources by central and
state governments for the agricultural growth like subsidies on fertilizers,
low interest agricultural loans, setting up rural branches of national
banks, a shortage of soil testing labs is observed in most of the states of
the country. [1] Due to which farmers do not have a tendency to test
their soil in order to increase crop yields. As a result, farmers remain
unaware of atmospheric conditions like Relative Humidity (RH) of the air,
Temperature and soil characteristics like soil type, soil porosity and
pesticide levels etc. [2] Due to which they apply more or less
irrigation/fertilization as compared to the required precise quantities for a
particular crop under given soil and environment conditions. If
fertilization is applied in less quantity, it severely affect crop yield leading
to financial loss of farmers. Over fertilization contaminates ground water
leading to the problem of mass cancer as being faced by many regions
of Punjab state. [3] If soil samples are taken to a Lab testing facility by
some farmers, this sample cannot represent soil of large farm lands of
hundreds of hectare field. Also the soil properties change from time to
time. Thus soil data experimentally taken at one time do not remain valid
for large crop seasons. For precise application of agricultural inputs,
accurate spatial-temporal data from farm lands regarding soil and
atmospheric conditions is required at regular intervals. [4] Based on
such information, required crop inputs like irrigation of pesticides can be
applied in precise quantity. The process of using information and
technology for precise regulation of agricultural needs in order to gain
maximum benefits for farmer has been termed as precision agriculture.
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Abstract

The maintenance is very important activity of the software development life
cycle. The maximum percentage of design and development cost of software
system is going into maintenance to incorporate the change into functional
requirement. The increased functional requirements lead towards system
configuration changes, which may further increase the cost of development.
Every software company want to design and develop the software which is easy
to maintain at lower costs. It is better to design and develop more maintainable
software to meet this objective; this paper proposed software development
activities metric, which will help software developers to develop the easy-to-
maintain application software.
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Abstract

The performance of Vehicular ad-hoc network (VANET) depends on many factors. One of the

factors is routing protocol and the performance of routing protocol in given scenario depends

on the value of parameters used in. The combinations of such values are very large. Therefore,

we have used Teaching-Learning Based Optimization (TLBO) technique to ��nd optimal value

of parameters for Ad-hoc On Demand Multipath Distance Vector (AOMDV) in given real

scenario. The Experimental results show drastic improvements in Average End-to-End delay

(90.50% drop), Network Routing Load (41.68% drop) and Packet Delivery Ratio (0.39% rise)

using value of parameters obtained through TLBO.

a, b a a
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Abstract

Nowadays, mostly users want to search anything they have done by Web
search. For finding the concerned information with the reduced retrieval time
they go through the search engine. Finding the relevant information with the
help of mapped area affects the supervised and unsupervised learning method
and works on the designing part of the information retrieval by using SOM and
crisp set (CrispSOM), as well as reduces the retrieval time and collects the
scattered information using self-organizing map and crisp set. The innovative
idea of this paper is to evaluate the application of self-organizing maps (SOM)
with the help of crisp value for finding the relevant information in lesser time
as compared to other information retrieval system (IRS).
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Abstract:

Nowadays huge amount of data is generated through various activities. To manage the

data in proper format and the way it is to be maintained. There are so many ways to

maintain the data. Classification of data is done so as to identify and put that data in

different classes. It is nothing but to group that data in different classes and retrieve as

and when it is required with ease. The classification of data is to make the user aware

the class of that data on the basis of certain attributes. In this paper we basically focus

on the movie trailers using different data mining approaches to classify the videos. The

amount of video that a viewer has to choose from is now so large that it is infeasible for a

human to go through it all to find movie of interest. Here various methods and techniques

are discussed for classification of video and movie trailers.
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I. Introduction

As the huge amount of movie data is generated, user needs some

specialized tools to retrieve that data and use it. Users can use their

choices to choose a movie within particular categories or genre. Mehmet

et.al [1] gave method for video categorization of movie based on genre

classification as shown in the Figure 1. In order to get improved and the

best possible results, author use low level visual feature cues and then

incorporating the higher level semantic understanding of feature films.

The main categories are Action, Comedy, Drama, and Horror. Also for

retrieval, indexing and classification of multimedia data combining with
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Abstract:

Any Organization needs to manage and analyze its information. The source of this

information may not be the same, organizations use different information system to

support their different area of work. Different departments of organization use their

specific information system and platform to maintain their own data. But some

information is needed by different departments for co-ordination between these

departments. The distributed Web Service is managed by registries is issue in the

circumstances of a Web Services which is on distributed system. The recent registry is

managed and offer for distributed service registries are explained. By this explanation, it

was created that none of any given offer that the requirements of flexibility, availability

and scalability is proved in terms of the management of the registries. Therefore, a QoS

based registry is introduced in current paper. The system uses tmodel(technical model)

for storing of the service registries. In this paper involves design and implementation of a

UDDI with QoS parameter. It helps to find quality web services using SOAP (Simple

Object Access Protocol) message. It serves two fold purposes; first to register quality

web services. Second, find that service. A Software for the implementation of these

aspects is contributed in this work.

Date of Conference: 19-20 March 2015
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I. Introduction

All organization is interested to develop such an application architecture

which is flexible enough to deal with continuously varying requirements
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Software testing takes a considerable amount of time and resources spent on producing

software. Software testing includes test data generation that is the process of identifying

a set of program input data satisfying a given testing criterion. There has been active

research to find out ways to reduce the cost of software testing. Increasing the degree of

automation and the efficiency of software testing certainly can reduce the cost of

software design, decrease the time period of software development, and increase the

All 

 Browse  My Settings  Help  Institutional Sign In

Institutional Sign In

Scheduled System Maintenance: On Monday, July 26, IEEE Xplore will undergo scheduled maintenance from 11:30 AM-1:00 PM

this time, there may be intermittent impact on performance. We apologize for any inconvenience.

A tool to generate all DU paths automatically | IEEE Conference Publica... https://ieeexplore.ieee.org/abstract/document/7100553

1 of 3 23-Jul-21, 11:20 PM

http://www.ieee.org/
http://www.ieee.org/
http://standards.ieee.org/
http://standards.ieee.org/
http://spectrum.ieee.org/
http://spectrum.ieee.org/
http://www.ieee.org/sitemap.html
http://www.ieee.org/sitemap.html
https://innovate.ieee.org/Xplore/Subscribebutton
https://innovate.ieee.org/Xplore/Subscribebutton
https://innovate.ieee.org/Xplore/Subscribebutton
https://innovate.ieee.org/Xplore/Subscribebutton
https://www.ieee.org/cart/public/myCart/page.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/cart/public/myCart/page.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/cart/public/myCart/page.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://ieeexplore.ieee.org/browse/conferences/title/
https://ieeexplore.ieee.org/browse/conferences/title/
https://ieeexplore.ieee.org/xpl/conhome/7088896/proceeding
https://ieeexplore.ieee.org/xpl/conhome/7088896/proceeding
https://ieeexplore.ieee.org/Xplorehelp/ieee-xplore-training/working-with-documents#interactive-html
https://ieeexplore.ieee.org/Xplorehelp/ieee-xplore-training/working-with-documents#interactive-html
https://ieeexplore.ieee.org/Xplorehelp/ieee-xplore-training/working-with-documents#interactive-html
https://ieeexplore.ieee.org/Xplorehelp/ieee-xplore-training/working-with-documents#interactive-html
https://ieeexplore.ieee.org/author/37085456131
https://ieeexplore.ieee.org/author/37085456131
https://ieeexplore.ieee.org/author/37085456131
https://ieeexplore.ieee.org/author/38469605200
https://ieeexplore.ieee.org/author/38469605200
https://ieeexplore.ieee.org/author/38469605200
https://ieeexplore.ieee.org/author/37085389815
https://ieeexplore.ieee.org/author/37085389815
https://ieeexplore.ieee.org/author/37085389815
https://ieeexplore.ieee.org/author/37085469121
https://ieeexplore.ieee.org/author/37085469121
https://ieeexplore.ieee.org/author/37085469121
https://ieeexplore.ieee.org/abstract/document/7100553
https://ieeexplore.ieee.org/abstract/document/7100553
https://ieeexplore.ieee.org/abstract/document/7100553
https://ieeexplore.ieee.org/Xplore/home.jsp
https://ieeexplore.ieee.org/Xplore/home.jsp


IEEE Personal Account

CHANGE USERNAME/PASSWORD

Purchase Details

PAYMENT OPTIONS

VIEW PURCHASED DOCUMENTS

Profile Information

COMMUNICATIONS PREFERENCES

PROFESSION AND EDUCATION

TECHNICAL INTERESTS

Need Help?

US & CANADA: +1 800 678 4

WORLDWIDE: +1 732 981 00

CONTACT & SUPPORT

Authors 

Figures 

References 

Citations 

Keywords 

Metrics 

1. Introduction

Software testing is an activity which involves execution of the developed

software with the intent of finding as many errors as possible [1] and

checking the quality of the developed software. Software testing is one of

the most significant phases of Software Development Life Cycle (SDLC).

More than 50% of the cost incurred in the software development is

devoted to testing processes of the software [2]. Manual testing is a labor

extensive and time consuming process. Hence, it is required to automate

testing processes to reduce time and cost involved in the software

development. Software Testing can be broadly classified in two

categories: (i) Static Testing, and (ii) Dynamic Testing. Static software

testing techniques involves desk checking, code review; examine

specification documents, design documents and source code of the

software under test (SUT). In dynamic software testing, the SUT is

executed on input test data and tested for its functionality (functional or

black box testing) or for its structure (structural or white box testing) [4],

[5].
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Abstract

In the present article, we illustrate the onset
of electro-thermo convection of a binary fluid in a
horizontal porous layer subject to fixed temperatures
and chemical equilibrium on the bounding surfaces.
The state of convection is considered, when the solubil-
ity of dissolved components depends on temperature.
Linear stability analysis is used to investigate how the
vertical electric field and dissolution or precipitation of
the component affect the onset of convection. Darcy-
Brinkman’s law and Boussinesq approximation are
employed with the equation of state taken to be
linear with respect to temperature and concentration.
We solved the problem analytically for a wide range
[0, 1000.0] of vertical AC electric field Rea, [0, 5.0] of
chemical reaction parameter, [0.0125, 0.05] of Darcy
number and [20, 80] of salinty and show the effect
on stability of the system. It is observed that vertical
electric field and reactive term, both destabilize the
system, whereas increasing salinty and Darcy term
stabilize the system.

Keywords

Electro-thermo convection, Darcy-Brinkman model,
binary fluid, ratio of viscosities.

I. I NTRODUCTION

Onset of convection due to combined effects of an electric
field and a thermal gradient concurrently applied to horizontal
dielectric liquid layer guides a complex physical interactions in
the flow and have received much attention in recent years ([1]-
[3]). The research in this field considered reasonable interest
due to the application of combined effects (such as potential
technology, [4]-[8]) that generates electro-thermo convective
instabilities in liquids that could be a promising way to
increases the heat transfer by means of electrical forces. This
kind of instability problem is called electro-thermo convection
(ETC).

Assuming the variation in dielectric constant as a linear
function of temperature, initially a study has been performed
on electrohydrodynamic convection by Roberts [9]. An excel-
lent reviews on the natural convection problem under alter-
nating current (AC) or direct current (DC) electric field have
been given by Jones [10] and Saville [11]. Problem related
to ETC in a layer of porous medium under the influence of
electric field is attracted interest because of its application in
drying process (Yabe et al. [12] Lai and Lai [13]). Moreno et
al. [14] have investigated transport-related effects of imposing
AC currents over two-phase flows, oil and water, in porous
rocks. Some interesting and important literatures indicating
the work related ETC in porous layers are [15]-[18].

A obvious question arise that what will happen if we
consider binary electric liquid in place of electric liquid? It
is also matter of investigation that whether chemical reaction
takes place or not.

As a consequence of above questions it is important to
introduce the applications and literature survey for convection
in binary liquid and reaction convection. In some geothermal
situations (Dando et al. [19]), the amount of solute dissolved
in fluid changes with changing temperature, pressure and the
local rock chemistry. The solute may be in dissolved from
or precipitated onto the porous matrix. Thermal convection
extensively effects the exchange of dissolved species withthe
porous medium. It may be affected with the change in amount
of minerals dissolved in fluid.

The growing volume of work related to convection of binary
fluid in porous media is amply documented in the review work
of Nield and Bejan [20]. Onset of thermo-solutal convection
of a binary fluid in a horizontal porous layer subject to
fixed temperatures and chemical equilibrium on the bounding
surfaces is investigated by Pritchard and Richardson [21] and
references given it. According to their study, reactive term
may be stabilising or destabilising in this case. On the basis
of Brinkman model, the onset of convection for binary fluid
with a reaction term in a horizontal sparsely packed porous
media has been investigated by [22]. They reported that the
Darcy number destabilize the system in case of both stationary
and oscillatory mode. Recently, Malashetty and Biradar [23]
investigated analytically onset of reaction-convection in binary
fluid horizontal anisotropic porous layers. They showed that
the chemical reaction may be stabilizing or destabilizing the
system.

In the present article, an attempt has been made to find out
the answers of above mentioned questions by investigating the
flow dynamics of convection reaction in binary fluid saturated
porous medium under the influence of vertical AC electric
field. The present paper is organized as follows. Mathematical
modelling is presented in section 2. Section 3, is devoted toa
brief presentation of linear stability analysis. We quantify the
real impact of ETC on heat transfer in section 4. In section 5,
we present conclusions of work.

II. M ATHEMATICAL FORMULATION

We consider a dielectric binary fluid saturated sparsely
packed horizontal porous layer of depth d, which is heated and
salted from below, with a uniform vertical AC electric field
applied across the porous layer as shown in Fig. 1.. The lower
surface is grounded and the upper surface is kept at constant
potentialV1. Cartesian co-ordinates have been taken with the

ISSN 0975-9514 1
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origin at the bottom of the porous medium, and the z-axis is
vertically upwards. The surfaces are extended infinitely inx
and y directions and constant temperature gradient∆T and
salinity gradient∆S are maintained across the porous layer.
We are assuming that Chemical equilibrium is maintained at
the impermeable boundaries. The governing equations for an
incompressible dielectric binary fluid saturated porous layer
under the Boussinesq approximation are given by

∇.−→q = 0, (1)

1

φ

∂−→q

∂t
+

ν

K
−→q = −

1

ρ0
∇P +

ρ

ρ0

−→g + ν̃∇2−→q +
1

ρ0

−→
fe , (2)

Following Phillips [24], the transport of heat and solute is
described by the advection-diffusion equations

(ρc)m
∂T

∂t
+ (ρc)f (

−→q .∇)T = (ρc)m ∇.(κT .∇T ), (3)

φ
∂S

∂t
+ (−→q .∇)S = φκs∇

2S + k(Seq(T )− S). (4)

The relation among the reference density, temperature and
salinity is given by

ρ = ρ0 [1− βT (T − T0) + βS(S − S0)] . (5)

Here,−→q the velocity vector,T the temperature,P the pressure,
ρ the fluid density,ρ0 the fluid density at basic temperature,
K is the permeability tensor of porous medium,κT andκS

are the effective thermal and solutal diffusivity respectively,
ν = µ

ρ0

kinematic viscosity,µ the fluid viscosity,ν̃ = µ̃
ρ0

the
effective kinematic viscosity,̃µ the effective fluid viscosity,−→g
the acceleration due to gravity,φ the porosity of the porous
medium, (ρc)m = (1− φ) (ρc)s + φ (ρc)f where (ρc) is
volumetric heat capacity, c the specific heat and f, m and s
represent properties of fluid,κ the lumped effective reaction,
S is salinty,βT andβS the coefficient of thermal and solutal
expansions respectively.

Following Pritchard and Richardson [21], we have consid-
ered the equilibrium solute concentration is a linear func-
tion of temperature i.e.Seq(T ) = S0 + η(T − T0), where
η = Sl−Su

Tl−Tu
= ∆S

∆T
. The value ofη may be positive i.e.η > 0

(i.e. the solubility increases with temperature) or negative i.e.
η < 0 (i.e. the solubility decreases with temperature). In the
present manuscript, we assumed the caseη > 0.

−→
fe represents

the electrical origin and preferred expression for it following
Stratton ([25] and Landau and Lifshitz [26]) is

−→
fe = ρe

−→
E −

1

2

−→
E .

−→
E∇ǫ+

1

2
∇

(

ρ
∂ǫ

∂ρ

−→
E .

−→
E

)

. (6)

where,
−→
E is the electric field,ρe the free charge density and

ǫ is the dielectric constant. Last electrostriction term in Eq.
(6) can be grouped with pressure term of Eq. (2). Coulomb
force due to a free charge is represents by the first term of
right hand side of the Eq. (6). Second term depends on the
term ǫ. We consider the same phenomena as by Shivkumara
et al. [18].

Assuming that the free charge density is negligibly small,
the relevant Maxwell equations are (Roberts [9])

∇.(ǫ
−→
E ) = 0, (7)

∇×
−→
E = 0. (8)

In view of Eq. (8),
−→
E can be expressed as
−→
E = −∇V, (9)

where,V is the electric potential. The dielectric constant is
assumed to be a linear function of temperature of the form

ǫ = ǫ0[1− γ(T − T0)]. (10)

where,γ (> 0) is the thermal expansion coefficient of dielec-
tric constant and is assumed to be small.

The basic state of the fluid is assumed to be quiescent, and
is given by

Tb(z) = Tl −∆T
z

d
andSb(z) = Sl −∆S

z

d
. (11)

ǫb = ǫ0 [1− γ (Tb − T0)] , (12)

∇.
(

ǫb
−→
E b

)

= 0. (13)

whereb denotes the basic state. In the view of Eq. (12) and
noting thatEbx = Eby = 0, it follows that

ǫbEbz = ǫ0E0 = constant (say). (14)

Then we have

Ebz =
E0

1 + γ∆Tz
d

, (15)

and

Vb(z) = −
E0d

γ∆T
log.(1 + γ∆Tz/d) (16)

where

E0 = −
V1γ∆T/d

log[1 + γ∆T ]
. (17)

is the value of the electric field at z=0.
In this case the basic state,Seq(Tb) = Sb. We mentioned

thatSeq is linear inT , this allow the existence of steady basic
state in which the solute is everywhere in chemical equilibrium
with the solid matrix and therefore the vertical flux of solute
is constant in space.

On the basic state, we superpose small perturbations in the
form

q = qb(z) + q′, T = Tb(z) + T ′, S = Sb(z) + S′,

P = Pb(z) + P ′, ρ = ρb(z) + ρ′,
−→
E =

−→
E b(z) +

−→
E ,

−→ǫ = −→ǫ b(z) +
−→ǫ .

(18)

where prime indicates perturbation. Introducing Eq.(18) in
Eqs.(1)− (5), and using basic state equations describe above
we obtained

∇.q′ = 0, (19)

(

1

φ

∂

∂t
+

ν

K
− ν̃∇2

)

∇
2w′ = βT g∇

2
HT ′

− βSg∇
2
HS′

+∇
2
H

[

E0ǫ0γ

ρ0

(

−∆T

d

)(

γE0T
′
−

∂V ′

∂z

)]

, (20)

ISSN 0975-9514 2
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(ρc)m
∂T ′

∂t
+(ρc)f ((q

′.∇)T ′
−w′

∆T

d
) = (ρc)m∇.(κT .∇T ′),

(21)

φ
∂S′

∂t
+ (q′.∇)S′

− w′
∆S

d
= φκS∇

2S′ + κ(Seq(T ′)− S′),

(22)

∇
2V ′ = γE0

∂T ′

∂z
. (23)

Non-dimensionalising the Eqs.(19) − (23) using following
transformations

(x, y, z)′ = d(x, y, z)∗, t =
d2

κT

t∗, T ′ = △TT ∗,

S′ = △SS∗, (u, v, w)′ = φκT (u, v, w)
∗,

V ′ = γE0δTdV
∗. (24)

we obtained the non-dimensional governing equations (after
dropping the asterisks) as
[

1

Pr

∂

∂t
+ Da−1

− Λ∇2

]

∇
2
− RT∇

2
HT + RS∇

2
HS

−Rea∇
2
H

(

T −
∂V

∂z

)

= 0, (25)

(

∂

∂t
−∇

2

)

T + λ (q.∇)T − λw = 0, (26)

∂S

∂t
+ (q.∇)S − w =

1

Le
∇

2S +X(T − S), (27)

∇
2V −

∂T

∂z
= 0. (28)

where the non-dimensional parameters are, RT = βT g∆Td3

φνκT
,

RS = βSg∆Td3

φνκT
and Rea =

E2

0
γ2ǫ0d

2(∆T )2

φρ0κT ν
are the thermal,

solutal and AC electric Rayleigh numbers respectively,Λ = µ̃
µ

is ratio of viscosities, Da= K
d2 is a Darcy number, Pr= K

d2 is
Prandtl number,λ =

ǫ(ρc)f
(ρc)m

the normalized porosity parameter,

Le = κT

κS
is Lewis parameter,χ = κd2

φκT
is the Damkohler

number.
The boundaries of porous medium can be considered as free

that is stress free boundary

w =
∂2w

∂z2
= T = S = 0, z=0, 1. (29)

III. L INEAR STABILITY ANALYSIS

In this section, carrying out the linear stability analysis, we
use normal mode technique in which, normal mode solution
is of the form

(w, T, S, V ) = (W,Θ,Φ, ζ) (z) exp[i(lx+my) + ωt], (30)

wherel andm are horizontal wave number andω = ωr + iωi

is the growth rate which is a complex quantity.
Substituting Eq.(30) into the linearised form of Eqs.(25)-

(28) we obtain
[ ω

Pr
+ Da−1

− Λ
(

D2
− a2

)

]

(

D2
− a2

)

W + RTa
2Θ

−RSa
2Φ + Reaa

2 (Θ−Dζ) = 0, (31)

[

ω −
(

D2
− a2

)]

Θ− λω = 0, (32)
[

ω −
1

Le

(

D2
− a2

)

+ χ

]

Φ− χΘ−W = 0, (33)

(

D2
− a2

)

ζ −DΘ = 0. (34)

whereD = d/dz and a2 = l2 + m2, wherea is the wave
number. The boundary conditions(29) is now

W = D2W = Θ = Φ = 0. (35)

Eqs. (31)-(34) with chosen boundary conditions is a eigen-
value problem for RT anda.

We assume the solutions of(31)-(34) satisfying the bound-
ary conditions (35) take the form

W = A1 sinπz, Θ = A2 sinπz, Φ = A3 sinπz,

ζ = A4 cosπz. (36)

Substituting (36) into Eqs. (31)-(34), we obtain a matrix
equation










(

ω
Pr + Da−1 + Λδ2

)

δ2

−λ

−1

0

− (RT + Rea) a
2

ω + δ2

−χ

π

RSa
2

0

ω + δ2

Le + χ

0





















A1

A2

A3

A4











=











0

0

0

0











(37)

whereδ2 = a2 + π2.
For non-trivial solution ofA1, A2, A3 andA4, we need to

make the determinant of the above matrix as zero. Following
the same procedure adopted by Srivastava et al. [27], we obtain

RT =
1

a2λδ2
(

ω + δ2

Le
+ χ

) [
( ω

Pr
+ Da−1 + Λδ2

)

(

ω + δ2
)

(

ω +
δ2

Le
+ χ

)

δ4 + RSa
2δ2

(

λχ+ ω + δ2
)

−Reaa
4λ

(

ω +
δ2

Le
+ χ

)

]. (38)

1) Stationary state: For the direct bifurcation (i.e., steady
onset), we haveω = 0 at the margin of stability. Then,
the Rayleigh number at which marginally stable steady mode
exists, becomes

Rst
T =

(

Da−1 + Λδ2
)

δ4

a2λ
+ RSLe

(

λχ+ δ2
)

λ (δ2 + Leχ)
− Rea

a2

δ2
.

(39)
In the absence of electric field(Rea = 0) and double diffusive
convection(RS = 0) the Eq.(39) reduces to

Rst
T =

(

Da−1 + Λδ2
)

δ4

a2λ
. (40)

This is well known result for Brinkman porous media.
When Da−→ ∞, RS , λ = 1 and Γ = 1 then Eq.(39)

reduces to

Rst
T =

δ6

a2
− Rea

a2

δ2
. (41)

which gives the result of Roberts [9].

ISSN 0975-9514 3
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2) Oscillatory state: The growth rateσ is in general a
complex quantity such thatω = ωr + iωi. The system with
ωr < 0 is always stable, while forωr > 0 it will become
unstable. For neutral stability stateσr = 0 . We putω = iωi

(ω is real) in Eq.(38) and obtain

RT =

(

ω
Pr

+Da−1 + Λδ2
) (

ω + δ2
)

δ2

a2λ

+
RSLe

(

λχ+ δ2 + ω
)

λ (δ2 + χLe+ ωLe)
− Rea

a2

δ2
. (42)

It is clear from the Eq. (42) that oscillatory convection does
not depends on AC electric field parameter that is on Rea, so
it is not reasonable to talk about over-stability here.

IV. RESULTS AND DISCUSSIONS

This section is organized in some parts to provide full
understanding of stabilities characteristics for ETC in binary
fluid-saturated porous medium. A rigorous stability analysis
has been performed here to answer the question of condition
for the occurrence of the maximum stability. Since there are
many controlling parameters in the present problem, here
we carry out a parametric study to isolate factors that are
responsible for the instabilities of electro-thermo convection
in dielectric binary liquid in porous layers.

Effect of AC electric Rayleigh number: In this subsection,
we illustrates the influence of Rea in RT − a plane in the
form of neutral stability curves. Figs. 2(a) and (b) show the
effect of Rea on stability of system for different value of
Λ when other parameters are fixed. The critical values of
Rayleigh number, RTc= 5831.1996 > 5388.4674 for same
values of viscosities that isΛ = 1.0 and different values
of Rea = 0, 500.0, 1000.0, when other parameters are fixed.
However, RTc = 5388.4674 > 8848.4039 for two values
of Λ that is Λ = 1.0, (viscosities are same) andΛ = 3.0,
(viscosities are different) respectively and for same value of
Rea = 1000.0. Stability of the system decreases (as the critical
value of RTc decreases) on increasing value of Rea for both the
value ofΛ = 1.0 and3.0 depicted in Figs. 2(a) and (b). It can
also observed from the critical values of Rayleigh number that
system is more stable forΛ = 3.0 in comparison ofΛ = 1.0.
To understand this phenomena, we recall the definition of Rea,
it is clear that increasing the value of Rea means increasing the
strength of electric field enhance the onset of convection. The
physics to understand the effect ofΛ is that asΛ increases,
value of viscosity increases that causes problem in fluid flow.

Effect of reaction parameter: Figs. 3(a) and (b) show
the effect of Damkohlar number on stability of system for
different Λ = 1.0 and 3.0 when other parameters are fixed.
Stability of the system decreases on increasing value ofχ for
both values ofΛ shown in Figs. 3(a) and (b). This can be
explained by giving a glance on the solute equation, in which
additional reaction term is added. Since increasing the value of
χ is basically increases chemical reaction rate, which in tern,
changes the solute concentration of a displaced fluid particle
to equilibrate quickly with that of the surrounding fluid. Effect
of Λ is same as describe for Figs. 2(a) and (b).

Effect of Darcy number: Effect of Darcy number is depicted
in Fig. 4. As Darcy number increases the permeability of the
system increases that is fluid is free to move in all direction
more freely, thus onset of convection delay. The results are
same for both the conditions that is with and without electric
field.

Effect of solutal Rayleigh number: This is illustrated by
the Fig. 5, as RS increases the the minimum value of critical
Rayleigh number also increases thus stabilize the system. This
is the result of enhancement of solutal buoyancy force in the
system. The results are same for both the conditions that is
with and without electric field.

V. CONCLUSION

We have to gain an understanding of instability of ETC with
vertical AC electric field in a binary-fluid-saturated horizontal
porous layer heated from below with chemical equilibrium on
the boundaries. To this end, we adopted non-Darcy Brinkman
model. By means of linear stability analysis we were able
to extract detailed information of transition of basic flow of
binary fluid through a porous medium under influence of
vertical electric field. Normal mode technique is used to solve
the set of linear ordinary differential equations. The main
objective in this study was to investigate the role of vertical
AC electric field (Rea = 500.0) on the stability of binary-fluid
saturated porous layer in the presence of chemical reaction
(χ = 2.0). On the basis of above discussions, the following
conclusions are drawn:

• Effect of increasing the value of Rea andχ is found to
enhance the onset of stationary convection.

• Effect of increasing the value ofΛ, Da and RS is found
to delay the onset of stationary convection.

• From calculation it is concluded that the oscillatory
convection does not depend on vertical AC electric field.
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 Ỳ
 
̀ Ỳ
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Abstract—The global energy requirement is constantly 
increasing due to increased mobility, industrialization and 
improved living standards and most of this energy is 
produced from use of fossil fuels. Hence, it is fairly necessary 
to search some alternative fuels which may be produced from 
available resources such as ethanol, alcohol, biodiesel, 
vegetable oils etc. Therefore biodiesel is a biofuel that seems 
a viable solution as an alternative fuel to meet the energy 
demands. This paper evaluates the combustion 
characteristics and emission studies of a unmodified four 
stroke single cylinder variable compression ratio diesel 
engine utilizing blends of waste cooking oil methyl ester 
(WCME) with standard neat diesel fuel. Fuel sample were 
prepared from blends of 15% by volume WCME15, 20% by 
volume WCME20 and 25% by volume WCME25 with 
standard diesel fuel. Experimental tests were performed to 
study the combustion characteristics viz. Peak cylinder 
pressure, heat release rate and emissions of CO, CO2, HC 
and NOx at variable compression ratios of 16, 17,18 and at 
different engine loads. It has been observed that the peak 
cylinder gas pressure for WCME20 and WCME25 was 
measured higher than standard diesel fuel at compression 
ratio 18 whereas WCME15 showed lower value than 
WCME20 and WCME25. Results showed the highest peak 
heat release for WCME25 than all other fuel samples and 
standard diesel fuel at compression ratio 18 though it was 
obtained highest for WCME20 at compression ratio 17. It 
was observed that HC, CO and CO2 emissions decreased 
significantly for all biodiesel samples at all compression 
ratios than that of standard diesel. WCME20 showed the 
lowest CO and CO2 emissions and slightly higher CO and 
CO2 emission were reported for WCME15 at compression 
ratio 18. While at compression ratio 17 WCME25 exhibited 
the minimum CO and CO2emissions. However increase in 
NOx emission was reported maximum for WCME25 in 
comparison with all other fuels. 

I. INTRODUCTION 

Energy plays a significant role in economic growth, 

social development and human welfare. However, with 

increasing industrialization, the world energy demand is 

also growing by leaps and bounds. Since their exploration, 
the petroleum fuels have continued as major conventional 

energy source, however, these fuels are not only limited 

but also release hazardous emission to the environment. 

Recent upsurge in petroleum prices and environmental 

degradation caused by petroleum derived fuels have 

mandated the need to explore alternatives to conventional 

petroleum fuels.[1,2]. The International Energy Agency 

(IEA) forecasts that world primary energy demand 

between now and 2030 will increase by 1.5% per year Oil 

and other petroleum products are also expected to 

continue to account for the largest share of world energy 
consumption, but their share is likely to fall over the next 

couple of years mainly due to increasing world oil prices. 

Petroleum and other liquid fuels will remain the most 

important fuels for transportation in the coming years as 

there are few alternatives that can be expected to compete 

widely with petroleum-based liquids. The share of 

biofuels is also expected to increase in the coming years. 

However there is a significant resource issue that will need 

to be addressed.[3,4]  

Utilization of Biofuels has been expected to increase three 

fold, (from 1.3 million barrels of oil equivalent per day 

(mboe/d) in 2010 to 4.5 mboe/d as per the new policies, in 

2035), driven primarily by blending mandates. Ethanol 

remains the dominant biofuel, with supply rising from 1 

mboe/d in 2010 to 3.4 mboe/d in 2035. Biofuels meet 37% 

of road transport demand in 2035 in Brazil, 19% in the 

United States and 16% in the European Union [5]. India is 

highly dependent on import of crude oil. Net imports of 

crude oil have increased from 99.41MTs during 2005-06 

to 184.80 MTs during 2012-13. Whereas Consumption of 

Crude Oil have increased from 130.11MMT to 

219.21MMT [6]. The serious problem associated with the 

use of conventional petroleum fuel is the increase in 

pollutants emissions like CO2, HC, NOx, SOx and many 

other nasty gasses. These gases are detrimental to the 

biodiversity along with adverse effect on human health 

[7]. In recent years, due to increased environmental 

concerns, depletion of petroleum resources, and several 

other socioeconomic aspects have driven research to 

develop alternative fuels from renewable resources that 

are cheaper and environmentally acceptable [8]. Biodiesel 

can be one of the best alternatives. The use of vegetable 

oils as alternative renewable fuel competing with 
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petroleum was proposed in the beginning of 1980s. It is 

made from the oils of various types of oilseed crops like 

sunflower, palm, cottonseed, rapeseed, soybean, linseed 

etc. The biodiesel fuel (vegetable oils processed with 

methanol or ethanol) is a renewable fuel, so it is non-toxic 

and does not increase the level of CO2 at all in the 

atmosphere at global level. The exhaust emission of the 

fuel absolutely does not have SOx, and considerably less 

amount of NOx are produced.[9,10] 

Vegetable oils could be used as alternative fuels in 
compression ignition engine vehicles under normal 

operating conditions and Vegetable oils are available 

everywhere in the world, they are renewable as the 

vegetables which produce oil seeds can be planted year 

after year. Several countries including India have already 

begun substituting the conventional diesel by a certain 

amount of biodiesel. [11-13] 

Several researchers conducted a number of investigations 

using several vegetables oils such as coconut oil 

sunflower, palm, cottonseed, rapeseed, soybean etc. as an 

alternative fuel, and the test results indicated that using 

biodiesel in diesel engines significantly reduce exhaust 
emissions viz. PM, HC, CO emissions, due to higher 

cetane number,higher oxygen contents compared with 

diesel fuel. It is biodegradable, renewable, carbon neutral, 

and does not produce hazardous toxic It has been proved 

that vegetable oils are feasible substitutes for diesel 

fuel.[14-23 ]. However, due to lack of vast study of 

performance, combustion and emission characteristics 

using waste cooking oil, it is gaining recently attraction of 

researchers for investigations. Also results at different 

compression ratio is also point of attraction [24-27] 

Therefore present work has been investigated using waste 
vegetable oil.  

II. EXPERIMENTAL SETUP 

In the present work waste cooking oil was made 

available from a restaurant and to reduce free fatty acids 
found in waste cooking oil, a transesterification process 

was performed. Unrefined waste cooking oil, methanol, 

sulfuric acid and a catalyst KOH were used for 

esterification to reduce the free fatty acid content to the 

required level (<0.5 wt.%). the refined waste cooking oil 

was separated from the resulting glycerol solution and was 

treated further to obtain methyl ester of waste cooking 

oil(WCME).methanol. The fuel samples were prepared 

(%by volume) by addition of WCME in standard diesel 

fuel. Three blends were prepared from 15% by volume 

waste cooking oil methyl ester and 85% standard diesel 

fuel (WCME15), 20% by volume waste cooking oil 
methyl ester and 80% standard diesel fuel (WCME20), 

25% by volume waste cooking oil methyl ester and 75% 

standard diesel fuel (WCME15).To inspect homogeneity 

and stability all blends were kept undisturbed for a 

 month and were found homogenous and stable after 

centrifuge test.  

The major fuel properties of various blends and standard 
diesel fuel are shown in Table 3. Experiment on all fuel 

samples were conducted on a single cylinder 4 stroke 

diesel engine. All the tests were performed at no load to 

full load condition. The engine set up used in the tests is 

shown in Fig, 1. The different combustion parameters 

were measured from engine set up. AVL DI Gas analyzer 

was used to measure the HC, CO, NOX and CO2 

emissions. The specification of the diesel engine is shown 

in Table 1. Whereas the specifications of AVL DI Gas 

analyzer and AVL Smoke meter is shown in Table 2. 

TABLE 1: ENGINE SPECIFICATION 

Make Kirloskar, India 
Product VCR Engine Setup 

Rated Brake Power (kw) 3.50 

Rated Speed(rpm) 1500 

Number of Cylinder One 

Bore (mm) 87.5 

Stroke (mm) 110.0 

Connecting Rod length 

(mm) 

234.0 

Swept volume (cc) 661.45 

Compression 

Ratio(variable) 

12-18 

Cooling System Water Cooled 

Lubrication System Forced Feed 

Piezo sensor  Range 5000 PSI, with low noise cable 

Crank angle sensor  Resolution 1 Deg, Speed 5500 RPM with 

TDC pulse 

TABLE 2: SPECIFICATIONS OF AVL DI GAS ANALYZER 

Emission Range Resolution 
HC 0-20 ppm vol. 1 ppm 

CO 0-10% vol. 0.01% vol 

CO2 0-20% vol 0.1% vol 

NOX 0-5 ppm vol 1 ppm 

TABLE 3:THE FUEL PROPERTIES 

Fuel Properties WCME 
15 

WCME 
20 

WCME 
25 

WCME 
100 

Diesel 
Fuel 

Density (kg/m3)  841.7 844.5 846.3 874.8 832.6 

Viscosity (mm2/s)  3.118 3.198 3.476 4.256 2.946 

Calorific value 

(MJ/kg) 

44.543 45.371 45.834 41.671 47.231 

 

Fig. 1: Engine Set Up 
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III. RESULTS AND DISCUSSION 

A. Combustion Characteristics 

1) Cylinder gas pressure 

The variations in the cylinder pressure with crank 

angle for diesel and WCME for three compression ratio 

16, 17 and 18 are shown in Fig. (2–4). It has been 

observed that at compression ratio 18, the peak cylinder 

gas pressure for WCME20 and WCME25 were obtained 

higher than standard diesel fuel. Whereas WCME15 

showed lower value than WCME20 and WCME25. The 

similar results were seen for compression ratio 17 and 16 

Fig. It may be due to the higher rate of heat release during 

premixed combustion phase. Results are confirmed by 

earlier investigations. [28-30]. 

 

Fig. 2: Cylinder Pressure Variation 

 

Fig. 3: Cylinder Pressure Variation 

 

Fig. 4: Cylinder Pressure Variation 

2) Net heat release rate 

Figures(5-7) show the heat release rate for 

compression ratio 16,17 and 18. Results indicate that for 

compression ratio 18 the highest peak heat release for 

WCME25 than all other fuel samples and standard diesel 

fuel though because at higher compression ratio and due to 

presence of enriched oxygen in the biofuel combustion 

will be proper and hence the net heat release rate will be 

high for 25 % blend condition. As far as CR 17 is concern 

WCME20 has highest peak this is due to the fact that at 

lower compression ratio upto 20 % blending condition 

better combustion is obtained. Also the low viscosity of 

the blended fuel and the presence of oxygen in the fuel 

help in proper burning of fuel. Beyond 20 % blend it has 

been seen that the peak of heat release is low because of 

increase in viscosity, Whereas at compression ratio 16 

diesel fuel exhibited highest heat release among all fuels. 

The most widely used approach to measure the heat 

release analysis (Qn) was developed by Krieger and 

Borman [31] which is given in Eq. (1). Where, λ is the 
ratio of specific heats which was taken as 1.35, ϴ is crank 

angle, P is cylinder gas pressure, and V is cylinder volume 

Qn = ஛
஛ିଵ

P ୢ୚
ୢ஘

+ ଵ
஛ିଵ

V ୢ୔
ୢ஘

 (1) 

Because of the evaporation of the fuel accumulated during 

ignition delay period, at the beginning a negative heat 
release rate is observed After the ignition delay, premixed 

fuel–air mixture burns rapidly, follow by diffusion 

combustion, where the burn rate is controlled by fuel–air 

mixing velocity. The consistency in results may be agreed 

by earlier research results. [32,33] 
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Fig. 5: Variation of Heat Release 

 

Fig. 6: Variation of Heat Release 

 

Fig. 7: Variation of Heat Release 

B. Emission Characteristics 

Exhaust emission viz. HC, CO, CO2 and NOx were 

measured byAVL DI Gas analyzer. Characteristics of 

emissions are explained below: 

1) HC emission 

From above Figures (8–10) it was observed that HC, 

emissions decreased significantly for all biodiesel samples 

WCME15, WCME20 and WCME25 at all compression 
ratios than that of standard diesel. As reported by other 

authors, the oxygenated compounds of the biodiesel and 

higher cetane number of biodiesel improve the fuel 

oxidation reducing HC emissions [1,34] 

 

Fig. 8 

 

Fig. 9 

 

Fig. 10 
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2) CO and CO2 emission 

Emissions of CO and CO2 are explained in Fig. (11-

16). It was reported that significant reduction of CO and 

CO2 emissions for all biodiesel samples at all compression 

ratios than that of standard diesel. WCME20 showed the 

lowest CO and CO2 emissions and slightly higher CO and 

CO2 emission were reported for WCME15 at compression 

ratio 18. While at compression ratio 17 WCME25 

exhibited the minimum CO and CO2emissions. CO 

emissions appear due to a non-complete combustion in 

which some hydrocarbons are not oxidized to CO2 and CO 

emissions are strongly coupled with HC emissions [35] 

 

Fig. 11 

 

Fig. 12 

 

Fig. 13 

 

Fig. 14 

 

Fig. 15 

 

Fig. 16 

3) NOx emission 

Figures (17-19) show the variation of NOx for all fuel 

samples and standard diesel fuel However increase in NOx 

emission were reported maximum for WCME25 in 

comparison with all other fuels. It was explained that the 

higher cetane number of the biodiesel reduces the ignition 

delay. Reducing ignition delay increases NOx emissions 

since the residence time of the burning mixture in the 

cylinder increases [36]. 
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Fig. 17 

 

Fig. 18 

 

Fig. 19 

IV. CONCLUSION 

Waste cooking oil methyl ester has shown very 

favorable characteristics as an alternative fuel in 

comparison with standard diesel fuel. The following 

conclusions are drawn from the experiments conducted for 
evaluation of combustion and exhaust emission behavior 

of waste cooking oil methyl ester relative to standard 

diesel biodiesel in a direct injection diesel engine. 

1. Fuel samples WCME25 and WCME20 showed 

16% and 31% increase in, the peak cylinder gas 

pressure at compression ratio 18 than standard 

diesel fuel. It may be due to the higher rate of 

heat release during premixed combustion phase.  

2. At compression ratio 18 the highest peak heat 

release for WCME25 than all other fuel samples 

and standard diesel fuel though it was obtained 

highest for WCME20 at compression ratio 17. 

Whereas at compression ratio 16 diesel fuel 

exhibited highest heat release among all fuels  

3. Because of the evaporation of the fuel 

accumulated during ignition delay period, at the 

beginning a negative heat release rate is observed 

After the ignition delay, premixed fuel–air 

mixture burns rapidly, follow by diffusion 

combustion. 

4. At compression ratio 18, HC emissions for fuel 

samples WCME15, WCME20 and WCME25 

were found to be decreased by 6.5%, 9.6% and 

15% respectively than that of standard diesel. 

Which is due to the oxygenated compounds of 

the biodiesel and higher cetane number of 

biodiesel improve the fuel oxidation reducing HC 

emissions. 

5. Emissions of CO and CO2 are reduction of CO 

and CO2 emissions for all biodiesel samples at 

all compression ratios CO emissions appear due 

to a non-complete combustion in which some 

hydrocarbons are not oxidized to CO2 and CO 

emissions are strongly coupled with HC 

emissions 

6. Emissions of NOx increased for all fuel samples 

and it was reported maximum for WCME25 in 

comparison with all other fuels. The higher 

cetane number of the biodiesel reduces the 

ignition delay. Reducing ignition delay increases 

NOx emissions. 

Consequently it can be concluded that on the basis of 

combustion performance and exhaust emission results, 

biodiesel Waste cooking oil methyl ester and its blends 

with diesel fuel can be utilized in the engine at 

compression ratio 17 and 18 effectively without any 

modification. 

Abbreviations 

% - Percentage. 

BMEP - Brake Mean Effective Pressure. 

CO - Carbon Monoxide 

CO2 - Carbon Dioxide. 
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cst- Centi Stroke 

HC - Hydrocarbon 

KJ - kilo joule 

WCME- Waste cooking oil methyl ester 

WCME 100 - Neat Waste cooking oil methyl ester 

WCME 15 - 15% WCME and 95% Neat Diesel 

WCME20- 20% MOME and 80% Neat Diesel 

WCME25- 25% MOME and 75% Neat Diesel 

MT - Million Tonne. 

MBOE - Million Barrels of Oil Equivalent 

NOx- Nitrogen Oxides. 

ppm- Parts Per Million. 

PM - Particulate matter 

THC - Total Hydrocarbon 

SOX- Sulphur oxide 

KOH- Potassium Hydroxide 

Wt.-Weight 

TDC-Top dead centre 

T1 – supply water temperature (oC) 

T2 – temperature of water inside jacket (oC)  

T3 – supply water temperature for calorimeter (oC) 

T4 – temperature of water leaving the calorimeter 

(oC) 

T5 – exhaust gas temperature (oC)  

T6 –temperature of exhaust leaving the calorimeter 

(oC)  

F1 – fuel flow rate (cc/min) 

F2 – air flow rate (cc/min) 

F3 – water flow rate for engine cooling (cc/min) 

F4 – water flow rate for calorimeter (cc/min) 

N – Crank angle sensor  

Wt– Loading from dynamometer  

PT – sensor 
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