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ABSTRACT
There are various integral transforms such as Fourier transform, cosine transform and sine transform etc.
Fractional Cosine transform (FRCT) is a generalization of the ordinary cosine transform and it has similar
relationship with fractional Fourier transform (FRFT) as the ordinary cosine and sine transforms have with the
Fourier transform (FT). Fractional domain is useful for solving some problems, which cannot be solved in the
original domain. In this paper, we have introduced Gelfand- Shilov type topological spaces for generalized two
dimensional fractional cosine transform. Some topological properties for these spaces are also proved.

Keywords: Fractional Fourier Transforms, Fractional Cosine Transform, Testing Function
Spaces.
I. INTRODUCTION
Zemanian had developed the theory of generalized integral transform originally found in the work of Schwartz.
His work is concerned mostly with spaces. Gelfand shilov had investigated new type of fundamental spaces
called

and

spaces. The Gelfand-Shilov spaces are spaces of rapidly decreasing functions with controlled

decrease (of the functions and of their derivatives). They were thoroughly studied in [2] and were used for the
study of the Cauchy problem for partial differential equations and systems of partial differential equations. The
Gelfand-Shilov spaces were originally introduced in [1] as a tool to treat existence and uniqueness questions for
parabolic initial-value problems. Exponential decay and holomorphic extension of solutions to globally elliptic
equations in terms of Gelfand-Shilov spaces have been studied in [3]. The Gelfand-Shilov spaces have captured
much attention in connection with modulation spaces, localization operators, and the corresponding pseudo
differential calculus.
Motivated from the work of Gelfand and Shilov we have defined the topological spaces for generalized two
dimensional fractional cosine transform.

1.1 Generalized two dimensional fractional Cosine transform
Two dimensional fractional Cosine transform with parameter

f(x, y) denoted by

perform a linear

operation given by the integral transform.
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…………………… (1.1)

Where the kernel,

………….. (1.2)

1.2. Distributional two-dimensional fractional Cosine transform
The two dimensional distributional fractional Cosine transform of

defined by
…………………… (2.1)

………. (2.2)

Where, RHS of equation (2.1) has a meaning as the application of

to

.

In the present paper, generalized two dimensional fractional cosine transform is extended in the distributional
sense. The plan of the paper is as follows. In section 2, various testing function spaces are defined by Gelfand –
Shilov technique. Some results on countable union spaces are proved in section 3. The notations and
terminologies are as per Zemannian [4].

II. VARIOUS TESTING FUNCTION SPACES
2.1 The space
A function
(

(

-Type space)

defined

is said to be a member of

if

is smooth

-Type space) =

Where the constant A, B,

2.2 The space

(

depend on the testing function

-Type space)

This space is given by
(

-Type space) =

Where the constant

2.3 The space

T, Q depend on

(

-Type space)

This space is formed by combining the condition [1] and [2]
=
where the constant C, A, B, T, Q depend on .

2.4 The space
The space is given by
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=
For any

where m and n are the constant depending on the function.

2.5 The space
It is given by
=
for any

where

are constant depending on the function.

2.6 The space
=

For any

where m, n

are constant depending on the function.

2.7 The space

The smooth function

defined on

is in

if

is in

2.8 The space
=
2.9 The space

The spaces introduced from 1 to 9 be considered equipped with their natural Hausdorff locally convex topology
to be denoted respectively by

. These topologies are

respectively generated by the total families of semi norms

III. SOME RESULTS ON TOPOLOGICAL SPACES
3.1 Proposition: If

and

then

Proof: Let

Since

and

Hence

3.2 Proposition: If

and

then
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Proof: For

Since

and

we have

Thus
So

IV CONCLUSION
In the present work various testing function spaces are developed for two dimensional fractional cosine
transform using Gelfand-Shilov technique.
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ABSTRACT
Voltage Source Converter (VSC) based HVDC transmission technology has been selected as the basis for several recent papers due to its controllability, compact modular design, ease of system interface, and low environmental impact. This feature also results in the lowest possible level of converter switching losses. For this reason, they are very attractive techniques for the voltage-source-converter-(VSC) based high-voltage dc (HVDC)
power transmission systems. The application focuses on the conventional two-level converter when its dc-link
voltage contains a mix of low-frequency harmonic components. Control methods based on selective harmonic
elimination pulse-width modulation (SHE-PWM) techniques offer the lowest possible number of switching transitions. Amplitude modulation (AM) is a method of impressing data onto an alternating-current (AC) carrier
waveform. The highest frequency of the modulating data is normally less than 10 percent of the carrier frequency. The instantaneous amplitude (overall signal power) varies depending on the instantaneous amplitude of the
modulating data. The conventional Regular Sampled PWM technique can be simply extended to allow Harmonic Minimization and also Harmonic Elimination PWM to be closely reproduced using simple algebraic equations. FIS (Fuzzy Interference System) technique, a new controlling technique for control of harmonic immunity
produce by external frequency is incorporated in this paper along with the filter.

Key Words: FIS, SHE-PWM, VSC

I.INTRODUCTION
Electric power transmission was originally developed with direct current. D.C. transmission now became practical when long distances were to be covered or where cables were required. In 1950, a 116 km experimental
transmission line was commissioned from Moscow to Kasira at 200 kV. The first commercial HVDC line built
in 1954 was a 98 km submarine cable with ground return between the island of Gotland and the Swedish mainland.
Thyristors were applied to D.C. transmission in the late 1960’s and solid state valves became a reality. In 1969,
a contract for the Eel River D.C. link in Canada was awarded as the first application of sold state valves for
HVDC transmission. Today, the highest functional D.C. voltage for D.C. transmission is +/- 600 kV for the 785
km transmission line of the Itaipu scheme in Brazil. D.C. transmission is now an integral part of the delivery of
electricity in many countries throughout the world. Advanced technologies, such as voltage-source converter
(VSC)-based high-voltage dc (HVDC) power transmission systems [8] and [9], are essential for the restructuring
of the power systems into more automated, electronically controlled smart grids. Efficient control of unbalanced
compensator currents can be achieved by a control algorithm based on the D-STATCOM model [22]. D-
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STATCOM [25] allows separate control of positive & negative sequences currents and decoupled current control of the - frame. With the invention of fully controlled power semiconductors, such as insulated-gate bipolar
transistors (IGBTs) and integrated gate-commutated thyristors (IGCTs), the VSC topologies are more attractive
due to their four-quadrant power-flow characteristics.
The objective of this paper is to discuss the effectiveness of optimized modulation based on pre calculated SHEPWM in a two-level three-phase VSC [16] to make the ac side immune from the fluctuations of the dc link
without the use of passive components. A method is proposed to prevent the dc-link ripple voltage [29] from
creating low-order harmonics on the ac side of fixed and variable frequency inverters. However, only one of the
multiple SHE-PWM set of solutions is reported. An investigation of the harmonic interaction between the ac and
dc side for STATCOM is presented including the so-called dynamic SHE-PWM [23] scheme based on pre calculated angles for better THD. However, the dynamic SHE-PWM scheme is applied only for a three-level converter and can be applied only for known magnitude and frequency of the ripple.

Fuzzy Inference System (FIS) can be viewed as a method where a multiple-input model can be constructed in an
easy manner (Jang et al., 1997; Lin & Lee, 1995). FIS has demonstrated its ability in a variety of problem domains, e.g. control, modeling, and classification problems. One of the key factors of its success is the ability to
incorporate human/expert knowledge where information is described by vague and imprecise statements. Besides, the behavior of an FIS is also expressed in a language that is easily interpreted by humans. Biswas (1995)
presented a fuzzy set related method to evaluate students’ answer scripts. This work was then further enhanced
by Chen and Lee (1999). Next, Ma and Zhou (2000) presented fuzzy set related methods.

II.OVERVIEW OF VSC-BASED HVDC TRANSMISSION SYSTEM
The typical configuration of VSC-based HVDC transmission system is presented in Figure1. Such a transmission system consists of: two voltage source converters, transformers, phase reactors, AC filters, DC-link capacitors and DC cables.

Figure 1 Typical VSC-HVDC system
2.1 Voltage Source Converter
The two VSCs may be seen as the core of this transmission system topology. One of the VSCs works as rectifier, while the other one works as an inverter, and both of them are based on IGBT power semiconductors. The
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two VSC stations are connected through a DC transmission line or an overhead line. Mainly, two basic configurations of VSCs are used on HVDC [3] transmission system. These are the two-level VSC converter, presented
in Figure 2(a), and the three-level VSC converter, which is presented in Figure 2(b).

Figure 2 (a) Two-level VSC

(b) Three-level VSC

The two-level VSC, also known as the three phases, two level, six-pulse Bridge, is the simplest configuration
suitable for HVDC transmission.
The basic design for practically all HVDC converters is the 12-pulse double bridge converter which is shown in
Figure 2 the converter consists of two 6-pulse bridge converters connected in series on the DC side. One of them
is connected to the AC side by a YY-transformer, the other by a YD transformer. The AC currents from each 6pulse converter will then be phase shifted 30°. This will reduce the harmonic content in the total current drawn
from the grid, and leave only the characteristic harmonics of order 12 m±1, m=1,2,3..., or the 11th, 13th, 23th,
25th etc. harmonic. The non-characteristic harmonics will still be present, but considerably reduced. Thus the
need for filtering is substantially reduced, compared to 6pulse converters. The 12-pulse converter is usually built
up of 12 thyristor valves.

2.2 Two-Level Vsc for The Hvdc Power Transmission System

Figure 3 Two 12-pulse converter
The first generation of utility power converters is based on current-source converter (CSC) topologies. Today,
many projects still use CSCs due to their ultra-high power capabilities. With the invention of fully controlled
power semiconductors, such as insulated-gate bipolar transistors (IGBTs) and integrated gate-commutated thy2698 | P a g e
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ristors (IGCTs), the VSC topologies are more attractive due to their four-quadrant power-flow characteristics. A
typical configuration of the VSC-based HVDC power transmission system is shown in Figure 3 as it is shown.

III.SELECTIVE HARMONIC ELIMINATION
3.1 Modeling of Case Study Analysis of The PWM Converter And She-Pwm
The optimized SHE-PWM technique [23] is investigated on a two level three-phase VSC topology with IGBT
technology [6] typical periodic two-level SHE-PWM waveform is shown in Figure 4.

Figure 4 Typical two -level PWM switching waveform with five angles per quarter cycle
The waveforms of the line-to-neutral voltages can be expressed as follows

(1)
When wo is the operating frequency of the ac, and Vdc is the dc-link voltage. Thus, the line-to-line voltages are
given by

(2)
The SHE-PWM method offers numerical solutions which are calculated through the Fourier series expansion of
the waveform

(3)
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Where N+1 are the angles that need to be found. Using five switching angles per quarter-wave (N= 4) in SHEPWM, k= 5, 7, 11, 13 to eliminate the 5th, 7th, 11th, and 13th harmonics. During the case of a balanced load,
the third and all other harmonics that are multiples of three are cancelled, due to the 120osymmetry of the
switching function of the three-phase converter. The even harmonics are cancelled due to the half-wave quarterwave symmetry of the angles, being constrained by

3.2 Selective Harmonic Elimination
Notice that in the SPWM strategy developed above, a large number of switching are required, with the consequent associated switching losses. With the method of Selective Harmonic Elimination, only selected harmonics
are eliminated with the smallest number of switching’s. This method however can be difficult to implement online due to computation and memory requirements. For a two level PWM waveform with odd and half wave
symmetries and n chops per quarter cycle as shown in Figure 5, the peak magnitude of the harmonic components including the fundamental, are given by Equation 4.

(4)
It is the magnitude of the i harmonic and αj is the j primary switching angle. Even harmonics do not show up
th

th

because of the half-wave symmetry. The n chops in the waveform afford n degrees of freedom. Several control
options are thus possible. For example n selected harmonics can be eliminated. Another option which is used
here is to eliminate n-1 selected harmonics and use the remaining degree of freedom to control the fundamental
frequency ac voltage. To find the α’s required to achieve this objective, it is sufficient to set the corresponding
the above equations to the desired values (0 for the n-1 harmonics to be eliminated and the desired per-unit ac
magnitude for the fundamental) and solve for them α’s.

Figure 5 A two-level PWM waveform with odd and half wave
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Equation 4 can be readily proved by finding the Fourier coefficients of the waveform shown in Figure 5. In general, for a periodic waveform with period 2П, the Fourier Cosine and Sine Coefficients are given by

(5)

Because of the half-cycle symmetry of the waveform of Figure 5, only odd order harmonics exist. Also, it is
easy to see that the Fourier Cosine coefficients disappear with the choice of coordinate axes used. Utilizing the
quarter cycle symmetry, the Fourier Sine coefficients become

(6)

Substituting the two-value pwm waveform for F , one obtains (see Figure 4).

(7)
The following example illustrates the use of three chops per quarter cycle which allow for three degrees of freedom. We may use these to eliminate two harmonics and control the magnitude of the fundamental to any desired
value

IV.FUZZY INTERFERENCE SYSTEM & FILTER
4.1 Analysis of Fuzzy Logic Technique
(a) Fuzzy Logic
Unlike Crisp logic based on binary sets which is essentially a two-valued logic, “fuzzy logic” is a form of multivalued logic and is based on fuzzy set theory. To deal with fluid or approximate reasoning, fuzzy logic variables
can take a truth value that ranges in degree between 0 and 1. Fuzzy logic is a super set of conventional logic that
has been extended to handle the concept of partial truth: the truth values between completely true and completely false.

(b) Fuzzy Set & Membership Function
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A fuzzy set is a set without a crisp, clearly defined boundary. It can contain elements with only a partial degree
of membership.
A membership function (MF) is a mapping from an input space (often referred to as the universe of discourse) to
a membership value between 0 and 1... In fuzzy logic, it represents the degree of truth as an extension of valuation.
A classical set can be expressed as
A = {x | x < 13}
If X is the universe of discourse and its elements are denoted by x, then a fuzzy set A in X is defined as a set of
ordered pairs.
A = {x, μA(x) | x ∈ X}

μA(x) is the membership function of x in A.

(c) Fuzzy Inference System

Figure 6 Fuzzy Interference System
4.2 Simulation Parameters of The Conventional and The Proposed System:
Input DC voltage Source = 100V
Voltage tolerance = ± 10%
Frequency = 48 … 63 Hz
Power factor = 0.98 (fundamental) 0.93 0.95 (total)
Modulation Index = 0.75 or (less than 1)
Reference frequency = 50Hz ( output requirement)
Career frequency = 20KHz

Table 1
Three-phase series RL branch Load
Resistance R (Ohms): 1 Ω
Inductance L (H): 1e-3 (0.001) H

Table 2 Ideal three-phase voltage and current
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4.3 Measurements
Internal resistance Ron (Ohms) : 1e3(0.001)
Snubber

resistance

Rs

(Ohms)

:

1e5(100KΩ)
Snubber capacitance Cs (F) : inf

Table 3 IGBT Rating
Simulation parameters of the conventional and proposed system The simulation model of the conventional VSC
based HVDC parameters is shown in the Table MATLAB simulation package has been used to simulate this
paper. Simulation results are analyzed swith R-L load for the modulation index M=0.75 for the elimination of
5th, 7th, 11th and 13th harmonics with dc reference voltage. Using five switching angles per quarter-wave (N=4)
in SHE-PWM, K= 5, ,7, 11, 13 to eliminate the 5th, 7th, 11th, and 13th harmonics. During the case of a
balanced load, the third and all other harmonics that are multiples of three are cancelled, due to the 120
symmetry of the switching function of the three-phase converter. The even harmonics are cancelled due to the
half-wave quarter-wave symmetry of the angles, Equations 6.4 can solved by using Newton – Raphson method
by using below MATLAB code 8.2.

V.SIMULATION MODEL AND RESULTS
5.1 Simulation Model Of Vsc Based Hvdc With Shepwm Technique
By using SHE-PWM technique eliminating 5th, 7th, 11th, and 13th harmonics. Make the system immune to
external disturbance during ac-dc interaction VSC based hvdc transmission. The SHE PWM method offers
numerical solutions which are calculated through the Fourier series expansion of the waveform
•

The switching frequency of the converter is 3240Hz

•

The modulation indexes for the rectifier (mr) both is at 75

Figure 7 Simulation Model for elimination 5th, 7th, 11th, and 13th Harmonics of a VSC –HVDC
by SHE-PWM.
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Figure 8 Input Pulses for conduction of IGBT’s at regular interval
5.2 Simulation Result for SHE-PWM Technique
5.2.1 Input Pulses to the VSC
This input pulses are play vital role for elimination dominate low order and to produce less switching loss. Proposed M-type modulation technique allows reduction in the switching transitions without lowering the order of
the predominant harmonic. Here it can observe for the above figure 8 delay is produce for conduction of IGBT’s
at regular interval.

5.2. 2 Simulation Results For She-PWM Elimination

Figure 9 Simulation results for SHE-PWM eliminating 5th, 7th, 11th, and 13th harmonics. (a)
DC-link voltage. (b) olution trajectories to eliminate harmonics and intersection points with the
modulating signal (M=0.75). (c) Line-to-neutral voltage. (d) Line-to-line voltage.
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Fig 10 Positive sequence line-to-line voltage spectra Fig11 Negative-sequence line-to-line voltage spectra.
Simulation results for SHE-PWM eliminating 5th, 7th, 11th, and 13th harmonics figure 10 and figure 11 Positive- and negative-sequence line-to-line voltage spectra, respectively.

5.3 Comparison
Parameters

Conventional

Proposed Values

Values

Input Supply Voltage(Vdc)

100V

100V

Operating Frequency(f)

50Hz

50Hz

Modulation Index (M)

0.75

0.75

Voltage Tolerance

± 10%

± 10%

100V

100v

Output Line to Neutral Voltage (VLN)

50V

50V

Eliminated Harmonics

5 ,7 ,11 & 13

Output Line to Line
Voltage(VLL)

th

th

th

th

th

th

th

th

5 ,7 ,11 & 13

Dominate HarHarmonics Effect

th

monic is 19

th

Dominate Harmonic is 19

Table 4 Comparison of values between conventional and proposed
5.4 Improvements In Conventional
Implement FIS (Fuzzy Interference System) technique, as it has following advantages like:
•

Parallel execution of rules

•

output calculated once at end of cycle

•

rules are evaluated in parallel
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•

order does not matter

In addition to this high order harmonic are eliminating by using a Filter.

5.5 Simulation Circuit By Fis (Fuzzy Interference System)-Filter

Figure 12 Simulation Model for elimination Harmonics in VSC –HVDC by FIS (fuzzy Interference System)-Filter. ere in the simulation model in the VSC –HVDC

Figure 13 (a) DC-link voltage. (b) Solution trajectories to eliminate harmonics and intersection
points with the modulating signal (M=0.75). (c) Line-to-neutral voltage. (d) Line-to-line voltage.
ü

By FIS (fuzzy Interference System) lower orders dominate Harmonics (5th, 7th, 11th, and 13th harmon-

ics) can be eliminated for a Three-phase two-level VSC.
ü

For elimination dominate high order (i.e. 19th and above) can be eliminated by using three phase har-

monic filter. Make the system within the permissible THD values
Here in this delay blocks are changed…so that the math function what you are writing is also
changes…whenever the pulse is changing the output angle also changes so that triggerening changes.
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5.6 Simulation Result for FIS & Filter
Simulation results FIS (Fuzzy Interference System) for eliminating 5th, 7th, 11th, and13th harmonics and elimination of high order harmonic by using Filter. Figure (14) and (15) are Positive and negative-sequence line-toline voltage spectra, respectively.

Fig 14 Positive sequence line-to-line voltage spectra Fig15 Negative sequence line-to-line voltage spectra
FIS Technique to reduce the lower order harmonics according to the required modulation index. Eliminating the
high order harmonic effects by using filter and make the THD (Total Harmonic Distortion) with in permissible
value.

VI. CONCLUSION
An optimized SHE-PWM & FIS technique, offers immunity between the ac and dc side in a two-level threephase VSC which are used in this paper. These techniques are highly significant in VSC based HVDC as every
low-order harmonics is eliminated. In order to eliminate higher order harmonics filters have been used. There
are some limitations related to the maximum modulation index available for SHE-PWM angles calculations. FIS
to reduce the lower order harmonics according to the modulation index. Eliminating high order harmonic effects
by using filter and make the THD (Total Harmonic Distortion) with in permissible value.
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ABSTRACT
A Mobile Adhoc Network is an accumulation of independent mobile nodes that will communicate together via
radio waves used in military battlefield, collaborative work local level, personal area network and commercial
sector. They provide access to information and services regardless of geographic position. They are scalable,
have improved flexibility, robust due to decentralize administration. In this paper, a survey on various MANET
techniques like DSDV, FSR, GSR, ABR, CGSR etc. has been done. Moreover, various challenges have been
discussed in field of Manets. From the survey it has been evaluated that no technique is much efficient for these
challenges. This paper ends up with suitable future directions.

Keywords: MANETs, Clustering , DSDV, AODV.
I. INTRODUCTION
A Mobile Adhoc Network is an accumulation of independent mobile nodes that will communicate together via
radio waves. The mobile nodes which come in radio range of every other can directly communicate, whereas
others needs the help of intermediate nodes to route their packets. Most of the node includes a wireless interface
to consult with each other. These networks are fully distributed, and can focus on anywhere without assistance
from any fixed infrastructure as access points or base stations. Figure 1 shows a simple ad-hoc network with 3
nodes. Node 1 and node 3 are not within range

Fig. 1 Example of Mobile Ad-Hoc Network
of each other, nevertheless the node 2 may be used to forward packets between node 1and node 2. The node 2
will behave as a switch and these three nodes together form an ad-hoc network.

1.1 Features of Manets
1) Distributed operation: There's no background network for the central control of the network operations, the
control of the network is distributed on the list of nodes. The nodes involved in a MANET should cooperate
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with one another and communicate among themselves and each node acts as an exchange as needed, to
implement specific functions such as routing and security.
2) Multi hop routing: Each time a node tries to send information to other nodes which can be out of its
communication range, the packet should be forwarded via a number of intermediate nodes.
3) Autonomous terminal: In MANET, each mobile node is unbiased node, which may work as both a
host and a router.
4) Dynamic topology: Nodes are free to go arbitrarily with various speeds; thus, the network topology may
change randomly and at unpredictable time. The nodes in the MANET dynamically establish routing among
themselves while they travel around, establishing their particular network.
5) Light-weight terminals: In maximum cases, the nodes at MANET are mobile with less CPU capability, low
power storage and small memory size.
6) Shared Physical Medium: The wireless communication medium is available to any entity with the right
equipment and adequate resources. Accordingly, access to the channel cannot be restricted.

II. VARIOUS PROTOCOLS FOR MANETS
2.1 Dynamic Destination-Sequenced Distance-Vector Routing Protocol
The protocol Destination-Sequenced Distance-Vector routing (DSDV) [1] is just a Proactive routing protocol
that solves the significant problem linked to distance vector routing of wired networks i.e., Count-to-infinity, by
utilizing destination sequence number. In this routing protocol, each node in the network have a routing table.
All of the routing table offers the set of available destinations and the total amount of hops to each. Each table
entry is labeled with a routine number, that'll be originated by the destination node. Periodic transmissions of
updates of the Routing tables help maintaining the topology information of the network. When there is any new
updation for the routing information, the updates are transmitted immediately. So, the routing information
updates might either be periodic or event driven. The routing updates may be submitted two ways: one is
recognized as a ‘‘full dump''and another is ‘‘incremental.' 'In the event there's full dump, the whole routing table
is sent to the neighbors, where as in case there is incremental update, only the entries that need changes are
sent.

2.2 Cluster Gateway Switch Routing Protocol
This protocol modifies DSDV[1] with a hierarchical cluster-head-to-gateway routing method of route traffic
from source to destination. Gateway nodes are nodes which are within the communication ranges of several
cluster heads. A package sent with a node is first sent to its cluster head, and then packet is sent from the
cluster visit an entrance way to a different cluster head, and etc before cluster head of the destination node is
reached. The packet is then transmitted to the destination from its cluster head. By forming several clusters, this
protocol achieves a distributed processing mechanism in the network. However, one drawback with this
particular protocol is that, frequent change or selection of cluster heads might be resource hungry and it could
affect the routing performance.
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2.3 Wireless Routing Protocol
This routing protocol defined whilst the group of distributed shortest path algorithms that calculate the paths
using information concerning the length and second-to-last hop of the shortest way to each destination. WRP [1]
reduces the amount of cases where a temporary routing loop can occur. Each node maintains four tables: 1. A
distance table 2. A routing table 3. A link-cost table 4. A note retransmission list (MRL). WRP uses periodic
update message transmissions to the neighbors of a node. Each time the consistency of the routing information
is checked by each node in this protocol, which supports to eliminate looping situation and provides faster
route convergence when link lost event occurs.

2.4 Fisheye State Routing (FSR)
This protocol [1] reduces the amount of

traffic fortransmitting the update messages. The essential idea

is that all and every update message doesn't contain information about all nodes. Instead, it offers update
information regarding the nearer nodes more often than that of the farther nodes. Hence, each node may have
accurate and exact facts about its neighboring nodes. The novelty of FSR is so it works on the special structure
of the network called the ‘‘fisheye.'

2.5 Global State Routing (GSR)
In GSR [1] protocol, nodes exchange vectors of link states amongst their neighbors during routing information
exchange. On the basis of the link state vectors, nodes maintain a worldwide understanding of the network
topology an optimize their routing decisions locally. This protocol resembles DSDV, nonetheless it improves
DSDV in the sense so it avoids flooding of routing messages.

2.6 Ad-Hoc On-Demand Distance Vector (AODV) Routing Protocol
AODV is part of Destination-Sequenced Distance-Vector (DSDV) routing protocol. AODV [1] is absolute of
Bellman-Ford Algorithm. It is really a amalgamation of DSR and DSDV approach. It inherits the fundamental
on demand mechanism of route discovery and route maintenance approach from DSR and hop by hop routing
sequence. It works to minimize the necessity of systemwide broadcasts to its extreme. The algorithm use by
AODV is explained below.
Three main control messages are utilized by AODV
Routing Request
Each time a route isn't offered to given destination a route request packet is flooded to whole network
Routing Reply
In case a node has valid approach to destination it'll unicast a route reply message to the foundation
Route Error
Whenever a node in given route gets lost or path breaks, the nodes on both sides on the given link issue a route
error message with their end nodes[12].

2.7 Temporally Ordered Routing Algorithm (TORA)
Temporary Ordered Routing Protocol (TORA) [1] is ditributed, highly adaptive routing protocol that's made to
work in dynamic multihop network. It has the capacity to provide multiple loop free routes and is founded on
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link reversal algorthm. As TORA is distributed routers simply need {to maintain|to steadfastly to keep
information regarding its neighbours only.It is designed to minimize the a reaction to the topology changes as
it doesn't need to locate new routes.It uses directed acyclic graphs to define the routes as either upstream or
downstream. TORA uses arbitrary height parameter to ascertain the direction of link between any two nodes for
confirmed destination. For every single possible destinatiom separate DAG should be constructed. TORA
works on the important thing concept that links are bi-directional between nodes, packets are received correctly
and in reliable manner and thus brodcasting is used. Multiple routes often exist for the destination although not
one are necessarily the shortest ome. Instead of using shortest routes, TORA maintains the direction of another
destination to forward the packets.

2.8 Dynamic Source Routing (DSR) protocol
This protocol requires each transmitted packet to move the entire address from the inspiration to the destination
likewise the mechanism utilized in AODV. It [10] uses shortest hop path from the foundation to the
destination. Thus, the building blocks learns multiple method of the destination and stores them in the route
cache. It doesn't check for node disjoint or link disjoint properties before using these routes. DSR fits in to the
number of routing protocols dedicated to minimum weight path routing.

2.9 Associativity-Based Routing (ABR)
The ABR protocol [1] runs on the query-reply technique to find out the routes to the destinations. However, in
ABR route selection is primarily predicated on stability. To be able to select stable route each node maintains an
associativity tick featuring its neighbors and the links with higher associativity tick are selected in preference to
those with lower associativity tick. The disadvantage of ABR is so it doesn't maintain multiple routes or perhaps
a route cache therefore the alternate routes won't be immediately available.

2.10 Zone Routing Protocol (ZRP)
Zone routing protocol [1] is just a hybrid routing protocol which effectively combines the most effective options
that come with proactive and reactive routing protocol. Each node defines an area around itself and the zone
radius is how many hops to the perimeter of the zone. The reactive global search is done efficiently by querying
merely a selected group of nodes in the network. The amount of nodes queried is in the order of [r zone / r
network]2 of how many nodes queried using a network-wide flooding process [13].Unless the zone radius is
carefully chosen, a node may be in multiple zones and zones overlap.

2.11 Zone-Based Hierarchical Link State Routing Protocol(ZHLS)
In ZHLS protocol [1], the network is split into non overlapping zones as in cellular networks. Each node knows
the node
connectivity within its zone and the zone connectivity information of the whole network. The web link state
routing is completed by employing two levels: node level and global zone level. The zone level topological
information is distributed to all nodes. Since only zone ID and node ID of a destination are expected for routing,
the route from the source to a destination is adaptable to changing topology. The zone ID of the destination is
found by sending one location request to every zone.
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2.12 Cluster-Based Routing Protocol (CBRP)
This can be a hierarchical protocol, and this protocol is grouped to the clusters. Each cluster has its cluster-head
which coordinates the data transmission within the cluster and one other clusters. The advantage of CBRP [1] is
that only cluster heads exchange the information, therefore how many the control packets transmitted through
the network is less than traditional flooding methods significantly. The disadvantage of this hierarchical method
may be the large quantity of overhead associated with cluster formation and maintenance and it has additionally
temporary routing loops.

2.13 Particle Swarm Optimization
Particle swarm optimisation [1] may be the mathematical modelling of the foodstuff searching activities of a
swarm of birds (particles). Each particle in the swarm is moved towards the perfect point by the addition of a
velocity and its position. The velocity of a particle is influenced by three components: inertial, cognitive, and
social. The inertial component simulates the inertial behaviour of the bird to fly in the previous direction. The
cognitive component models the memory of the bird because of its previous best position, and the social
component models the memory of the bird for the best position on the list of particles.
The steps associated with particle swarm optimisation are the following:
Step 1: Select how many particles randomly to start the perfect solution search.
Step 2: Initialise the particle position and velocity.
Step 3: Find the particle's individual cost effective for each generation.
Step 4: Find the particle's global cost effective, i.e., the particle nearest the prospective from among all the
particles is obtained by comparing all the individual best values.
Step 5: Find the particle's individual worst value, i.e., the particle farthest away from the target.
Step 6: Update the velocity and position of the particle.
Step 7: Find the perfect solution with a minimum value for the updated new velocity and position.

2.14 Ant Colony Optimisation
Ant colony optimisation (ACO) is just a paradigm for designing metaheuristic algorithms for combinatorial
optimisation problems. The initial algorithm that was classified in this framework was presented in 1991. Ever
since then, many diverse variants of the essential principle have now been reported in the literature. The primary
trait of ACO [1] algorithms could be the combination of a priori information regarding the structure of a
promising solution with a posteriori information regarding the structure of previously obtained good solutions.
An ACO is a famous swarm intelligence approach that's received inspiration from the social behaviour of realworld ants. In this algorithm, the most effective path for routing is identified by the pheromone deposited by
ants. Upon finding the food, the ants return back to their nests and simultaneously deposit the pheromone along
the paths. Therefore, the ants will likely move through these paths and strengthen (update) the existing
pheromone. With time, the pheromone starts to evaporate, and its strength is reduced. At regular intervals,
several ants are launched toward the destination node to find the feasible, low priced path from the origin node
to the destination node. Each ant within an ACO considers two parameters to choose its next hop. The initial
parameter is the amount of pheromone deposited on the trail to another location node, and the second parameter
could be the queue length associated with the link.
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2.15 Hybrid
Several heuristic traditional algorithms were used to locate a means to fix the routing problem in the MANETs,
including GA and PSO algorithms. The ACO technique is independent of these routing problems, and the
outcomes obtained using the ACO technique may be improved with PSO. Thus, a cross model that combines the
ACO and PSO techniques may be suggested for the optimisation technique.
The steps mixed up in proposed hybrid model are the following:
Step 1: Initialise the number of particles and generate its value randomly.
Step 2: Initialise ACO parameters.
Step 3: Generate solutions from each ant's random walk.
Step 4: Update the pheromone intensities.
Step 5: If the solution is not the best, initialise the swarm with random positions and velocities.
Step 6: Select each particle's individual cost effective for every generation.
Step 7: Select the particle's global cost effective, i.e., the particle nearest the mark is obtained by comparing
most of the individual best values.
Step 8: Select the particle's individual worst value, i.e., the particle farthest away from the target.
Step 9: Update the velocity and position of the particle.
Step 10: Terminate the method if the most number of iterations is reached or if an ideal value is obtained.
Otherwise, check out Step 3.

III. LITERAUTRE REVIEW
Chinara, Suchismita, and Santanu Kumar Rath [2] made an extensive survey of some bench-mark one-hop
clustering algorithms to comprehend the study trends in this area. The literature offers the logic of cluster
formation for different algorithms in achieving a linked cluster architecture and an intensive simulation survey
of the performance on the cluster maintenance aspects such as for example cluster density, frequency of cluster
reelection, frequency of cluster changes by the nodes and the granularity of cluster heads. Rachedi, Abderrezak
et al. [3] proposed a design predicated on mechanism design that enable clusters with single trusted node to be
created. This mechanism motivate nodes that not fit in with| the confident community to participate by
providing them with incentives in the proper execution of trust, which may be employed for cluster's services.
To make this happen goal, a RA selection algorithm is proposed that selects nodes predicated on a predefined
selection criteria function and location. This kind of model is famous as moderate. On the basis of the security
risk, more RA nodes must certanly be included with formalize a robust DDMZ. Here, they considered the
tradeoff between security and resource consumption by formulating the issue as a nonzero-sum non-cooperative
game involving the CA and attacker. Finally, empirical results are provided to aid

solutions. Khan, Md

Mosaddek, and Md Mamun-or-Rashid [4] focused to launch a new-fangled clustering technique by which it's
possible to enhance the routing performance of existing protocols. Another important aspect of the paper is to
supply a cluster head selection algorithm which could effectively maintain the clusters and provides more
stability. Proposed clustering idea is helpful for geographically related nodes effectively in various turf of
routing. To steadfastly keep up the clusters and their stability, it offers a new idea to select cluster head within
the cluster, also the election of secondary cluster head for avoiding further election right after the unavailability
of primary cluster head. This idea is evaluated in network simulator and it outerformed the present clustering
techniques. Torkestani [5] proposed an understanding automata-based weighted cluster formation algorithm
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called MCFA in that the mobility parameters of the hosts are assumed to be random variables with unknown
distributions. In the proposed clustering algorithm, the expected relative mobility of every host regarding all its
neighbors is estimated by sampling its mobility parameters in several epochs. MCFA is a completely distributed
algorithm by which each mobile independently chooses the neighboring host with the minimum expected
relative mobility as its cluster-head. This is performed based solely on the neighborhood information each host
receives from its neighbors and the hosts need to not be synchronized. The experimental results indicate the
superiority of MCFA over the most effective existing mobility-based clustering algorithms how many clusters,
cluster lifetime, control message overhead reaffiliation rate, and. Lindeberg, Morten [6] identified the challenges
of realizing video streaming over MANETs, and analyze and classify the proposed techniques. Since 65 % of
the identified involve cross-layering design, they studied the distribution of joint optimization and parameter
exchanges. Because of the importance and complexity of evaluating the techniques, they analyzed the most
popular methods, indicating that the investigation domain is suffering from an issue of comparability. Ferdous,
Raihana et al. [7] proposed Cluster head(s) selection algrothim based on an efficient trust model. This algrothm
aim to elect trustworth stable clusterhead(s) that provide secure communication via cooperative nodes.
Simulations were conducted to evaluate trust clusterhead(s) in term of cluster stability, longevity and
throughput.

Nguyen,

Dang

et

al.

[8]

presented

some

new

findings

on

the

complexity

of

the clusterhead selection algorithms. Two variants of the cluster head selection are examined: the distanceconstrained selection where every node in the network must be loacetd within a certain distance to the nearest
cluster head; and the size constrained selection where each cluster is only allowed to have a limited number of
members. They showed that the problem of minimizing the set of cluster heads is NP-hard for both variants.
They proposed two distributed selection algorithms, each having logarithmic approximation ratio, for these
variants.

They

also

discussed,

using

NS-2

simulations,

the

resulting cluster

size

distribution

and cluster head density, which impact the efficient operation of the network. Hussain, Khalid et al. [9]
proposed an efficient cluster head selection algorithm, for choice of the cluster head efficiently in Mobile ad
hoc networks. Additionally they evaluated proposed algorithm through simulation in OMNet++ in addition to
on test bed; they experienced the end result based on assumption. For further evaluation additionally they
compared proposed protocol with other protocols like LEACH-C and consequences show perfection. Kim,
Yuna et al. [10] proposed a Distributed Energy Efficient Cluster Formation scheme, which exploits the
expected residual energy of mobile nodes to choose CHs and starts the cluster formation from leaf nodes to
lessen the amount of clusters. The scheme includes the cluster maintenance algorithm and the cluster
construction algorithm, both of which is often performed at each node in a distributed way without the global
knowledge. They proved the correctness of the algorithms, and reveal that the DEECF scheme is better than
other clustering schemes in more energy efficien. Gupta, Neha et al. [11]

discussed that weight

based clustering approach is based on combined weight metric that takes into account of several system
parameters like the mobility, degree difference, transmission range and battery power of the node. One way to
support efficient communication between nodes is to partition ad hoc networks into clusters. Various clustering
schemes have been proposed to form clusters. Proposed IWCA algorithm can enhance the trust
ofcluster formation followed by malicious node removal from cluster head or member selection. Katal, Avita et
al. [12] proposed an effective clustering technique which is being used for the election of Cluster Heads and
Super Cluster Head. It uses five parameters i.e. Communication range, Hop Count, Battery Power, Relative
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Velocity, Fairness at a time to select aCluster Head. Always an efficient node which passes all of the criteria
will become the Cluster Head. After the selection of Cluster Heads, the election is performed to select a
Super Cluster Head. A node is selected as a Super Cluster Head only if it is having maximum battery power and
it is not a Cluster Head. The technique used chooses the best of the nodes to become Cluster Head and
Super Cluster Head. This technique seems to increase network life time also because of the slow dissipation of
the energy. Liu, Ying et al. [13] minimized the ``back tracking'' problem by applying physical contexts shared
by the network layer with the overlay so as to efficiently guide application flow. They have devised an
intelligent cluster head and path selection algorithm for overlay routing and compared its performance with the
popular Chord protocol and a baseline AODV routing protocol. Simulation results indicated that:

the

integration between logical and physical routing gives a large improvement in the number of hops for each
transmission path; and the selection of a good cluster head has only a moderate increase in transmission time.
Saxena, Madhvi et al. [14] made an attempt to develop an energy aware algorithm based onclustering for longer
life of MANET. In this approach network is divided into small and self manageable groups for improving the
network lifetime. The proposed algorithm would be an energy efficient clustering algorithm that uses both
scalability and energy metric for cluster layout. Max-heap is used forselection of cluster head. The Clusters are
designed using max-heap on the basis of energy level, the node which has the highest energy in the cluster will
act as a cluster head. John, Jeena, and R. Pushpalakshmi [15] proposed Ant Colony Optimization approach for
the perfect choice of cluster heads. This algorithm optimizes communication workload, node lifetime, and
mobility. The cluster structure is optimized by the defined probability function for clusters. The probability
function is calculated using the parameters such as for instance residual energy, energy drain rate and mobility
factor. Node that has the most value for the probability function will select as acluster head. The entire
communication workload is calculated periodically. If its value is high, then cluster head is reassigned. The
main advantage of this algorithm is so it can better balance the vitality use of the nodes and raise the stability of
the node. Experiment results reveal that proposed work results in more energy efficient and stabilized clusters.
Sadok, Djamel F. Had et al. [16 ] presented a heterogeneous technology routing Framework, targeted towards
scenarios where in actuality the heterogeneity of devices and networking technologies is present. The
contribution is many fold. It includes aframework, which encompasses a procedure for bootstrapping networks,
a routing protocol effective at coping with multiple network interfaces, and a tuning with multipath extensions.
They evaluated the performance of the bootstrap, routing and multipath mechanisms by means of simulation and
a genuine testbed implementation. The multipath evaluation simulates HTR networks with WiMAX, 3GPP LTE
and Wi-Fi support. Results show this

can effectively improve the information delivery ratio for ad-hoc

networks and so it reduced the end-to-end delay without major effect on network energy consumption. Included
in HTR tuning, they investigated next the impacts of tuning the HELLO refresh interval timer on route
convergence and its subsequent energy consumption reduction in this phase. Additionally they compared tuned
HTR with the popular optimized link state routing protocol. Results reveal that varying the HELLO refresh
interval can enhance the convergence time and reduce the power consumption without major effect on network
behavior. The proposal also included a new distributed address allocation algorithm, namely, the dynamic node
configuration protocol. This paper conducted a comparative analysis involving the Prime, Prophet and the
DNCP schemes using static and dynamic topologies when it comes to network setup time, energy consumption
and control message overhead. Results reveal that the DNCP had a lowered electric batteries consumption and
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less control message overhead although it slightly suffers regarding setup. Touzene, Abderezak, and
Abdulsalam Alkathiri. [17] proposed a new extended grid-based broadcasting algorithm in mobile ad-hoc
networks which reduces considerably the broadcast storm problem. EGBB algorithm is dependant on a logical
2-dimensional grid cells view of the geographical region of the MANET. EGBB algorithm reduce the amount of
rebroadcasts by utilizing gateway nodes for every grid cell, where only gateway nodes are accountable for
rebroadcasting the message to be able to solve network congestion problem. They extended the area of a node in
a grid cell from the nodes located in mere eight adjacent grid cells as originally in grid based broadcast to any
node in just about any grid cell within the node's transmission range to improve the reachability and reduce how
many hops. In addition they added a brand new adaptive feature to suite mobility conditions and traffic load .
They developed a simulation model centered on NS2 simulator to assess the performance of EGBB and
compare the outcomes with the GBB; the efficient counter based scheme; and the position-aware counter-based
algorithm. The simulation experiments showed great results for new algorithm EGBB. EGBB outperforms
GBB, ECB and PCB when it comes to end-to-end delay, quantity of saved rebroadcasts, and network density,
packet collision ratio under different traffic load, and mobility conditions.

Ref

Techniques

Features

One-Hop Clustering Algorithms

Provides a shorter path for packet transmission, minimize

No.
[2]

the maintenance overhead

[3]

[4]

Dynamic Demilitarized Zone

Clusters lifetime are reduced

RA selection algorithm

Prolongs cluster’s lifetime.

cluster head selection algorithm

Effectively maintain the clusters and provides more
stability.

[5]

learning automata based

Better performance in number of clusters, cluster lifetime,

weighted cluster formation algorithm

reaffiliation rate, and control message overhead

[6]

video streaming over MANETs

Increase efficiency

[7]

Trust-based

Cluster

head

Selection

Successful delivery ratio and throughput

Algorithm
[10]

Distributed Energy Efficient Cluster

Longer network lifetime,

Formation

Lower number of clusters.

Scheme
[12]

clustering technique used for the election

Maximum battery power,

of Cluster Heads and Super Cluster

Increase network life time.

Head
[13]

[14]

Distance-aware Overlay Routing with

Selection of a good cluster head,

AODV

Moderate increase in transmission time.

Clustering

Based

Energy

Efficient

Algorithm Using Max-Heap Tree

Minimizes the power consumption and maximize the
network lifetime.
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[16]

[17]

heterogeneous technology

Lower battery power consumption

routing (HTR) Framework

and Less control message overhead.

extended grid based broadcast

Extra-battery,

algorithm

power consumption,
Maintain its good performance.

IV. CHALLENGES OF MANETS
1) Limited bandwidth: Wireless link continue to possess significantly lower capacity than infrastructured
networks. Additionally, the realized throughput of wireless communication after accounting for the effectation
of multiple access, fading, noise, and interference conditions,etc., is generally not as when compared to a
radio's maximum transmission rate.
2) Dynamic topology: Dynamic topology membership may disturb the trust relationship among nodes. The trust
are often disturbed if some nodes are detected as compromised.
3) Routing Overhead: In wireless adhoc networks, nodes often change their location within network. So, some
stale routes are generated in the routing table that contributes to unnecessary routing overhead.
4) Hidden terminal problem: The hidden terminal problem identifies the collision of packets at a receiving node
consequently of simultaneous transmission of these nodes which are not within the direct transmission choice
of the sender, but are within the transmission choice of the receiver.
5) Packet losses consequently of transmission errors: Ad hoc wireless networks experiences an increased packet
loss consequently of factors such as for instance for example increased collisions consequently of presence of
hidden terminals, presence of interference, uni-directional links, frequent path breaks consequently of mobility
of nodes.
6) Mobility-induced route changes: The network topology in a supply hoc wireless network is highly dynamic
consequently of movement of nodes; hence an on-going session suffers frequent path breaks. This example
often results in frequent route changes.
7) Battery constraints: Devices utilized in these networks have restrictions on the power source to have the
ability to maintain portability, size and weight of the device.
8) Security threats: The wireless mobile ad hoc nature of MANETs brings new security challenges to the
network design. Whilst the wireless medium is susceptible to eavesdropping and ad hoc network functionality
is initiated through node cooperation, mobile ad hoc networks are intrinsically subjected to varied security
attacks.

V. CONCLUSION
In this paper, an overview of different protocols of MANET like DSDV, FSR, GSR , ABR, CGSR etc. has been
discussed. Moreover, various challenges have been explained in field of MANET. As Mobile Adhoc Network is
an accumulation of independent mobile nodes that will communicate together via radio waves used in military
battlefield, collaborative work local level, personal area network and commercial sector. Therefore, they provide
access to information and services regardless of geographic position. They are scalable with improved flexibility
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and robust due to decentralize administration. From the survey it has been evaluated that no technique has much
efficiency to overcome these challenges.
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A FRONTIER APPROACH TO INTEGRATE QUALITY
PARAMETERS IN BENCHMARKING ANALYSIS OF
WATER SUPPLY UTILITIES
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ABSTRACT
Although agenda of Water supply in sufficient quantity and standard quality is highlighted in India from last few
years. But Yet Performance assessment and Efficiency evaluation of water supply services not in practice. However
the analysis is confined to the realm of researchers and policy makers. The present paper spells inclusion of quality
parameter in assessment of utilities through frontier approach, the Stochastic Frontier Analysis (SFA), and
integrates this with water quality as a Model output. This paper also discusses the SFA methodology in details for
possible application to assess urban water supply services in India.

Keyword: Benchmarking, Efficiency Evaluation, Performance Assessment, Stochastic Frontier
Analysis, Water Supply Services, Water Quality Index.

I INTRODUCTION
SFA is widely adopted benchmarking tool, first choice of many econometricians to assess performance and
efficiency evaluation in various sectors like coal, Petroleum, Irrigation, Banking, water sector and so on. Although
in India few studies has been done to assess the performance of water supply sector by the use of SFA. SFA is a
parametric and mathematical approach for estimating relative efficiencies of any firm. In developed countries use of
SFA was successfully employed by econometricians in water supply sector. Following [1], [2], [3], [4], [5], [6], [7],
[8], [9]., [10], and [11] successfully employed SFA technique in Water supply sector.
Globally SFA technique was successfully employed by [12] for Africa, [13] for Asia,[14] for France, [15] for Itali,
[16] for Japan, [5] for Peru, [10] for Sloveniya, [17] for UK, [18] for Madhya Pradesh, India.
Because of the monopoly of the public utilities in India, there should be a systematic approach to assess the
performance of these public utilities to know the right way through which utility can achieve its maximum
output/profit goals. SFA based efficiency evaluation studies have been very rare in developing countries, primarily
because of lack of an appropriate database on the performances of water supply services, and also because the water
supplies are yet to take on the form of an industry that would need management on business lines to improve
operational efficiencies and to effect savings.

2722 | P a g e

International Conference On Recent Trends In Engineering Science And Management
Jawaharlal Nehru University, Convention Center, New Delhi (India), 15 March 2015

ISBN: 978-81-931039-2-0
www.conferenceworld.in

The present work focuses on evolving a SFA-based framework for benchmarking urban water supply services with
water quality parameters included in the model as an output variable.

II SFA METHODOLOGY
The Stochastic frontier production function was independently proposed by [19], and [20].

The original

specification involved a production function specified for cross-sectional data which had an error term which had
two components, one to account for random effects and another to account for technical inefficiency.
Cobb-Douglas Stochastic Frontier model for cross sectional data is given by the formula:

ln qi =β0 + β1ln Xi + Vi –Ui---------------------------------------(I)
Ø

Where Vi-Ui is known as a composed error term and this is the beauty of stochastic frontier model also
known as the residual for decision making unit (DMU).
Vi = random variables which are assumed to be independently identically distributed (i.i.d.) N(0,σv²) and

Ø

independent on Ui
Ø

Ui = Non-negative random variable, typically assumed to be exponential, half normal or truncated normal,
associated with technical inefficiency in production of utility such that for a given technology and levels of
inputs, the observed output falls short of its potential output.

Equation (I) can be written as:

qi=exp (β0 + β1ln Xi) * exp(Vi)*exp(-Ui)

------------------(II)

Where,
exp (β0 + β1ln Xi) = Deterministic component
exp(Vi)=Noise
exp(-Ui) =Inefficiency
Estimation of stochastic frontier is computationally facilitated by the use the parameterization proposed by [21].

Σσs²= σu²+ σv² and γ = σu2/σs2
Remember, however, that parameter ‘γ’ is not equal to the ratio of the variance of technical inefficiency effects to
the total residual variance. Estimation of the parameters of the stochastic frontier was accomplished by maximum
likelihood. The firm-specific distance function (technical efficiency), represented by the random variable exp(-Ui), is
not directly observable. [22] proposed the conditional expectation of Ui, conditioned on the realized value of the
composed error term εias an estimator of Ui. Jondrow et al. (1982) have demonstrated the conditional distribution of
Ui given εi is that of an N(µi, σ2) random variable truncated at zero with µi= σu²ε/ σ²
Ø

The distance between observed and maximum possible output for given inputs (output efficiency)

Ø

The distance between observed and minimum possible input for given outputs (input efficiency)

The unknown parameters are replaced by their ML estimates. One estimator of the sample mean of technical
efficiency is the arithmetic average of these predictors for the individual technical efficiencies. A firm can lie on or
within the frontier, and the distance between actual output and the frontier output represents technical inefficiency.
Measure of technical efficiency is the ratio of observed output to the corresponding stochastic frontier output.
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Starting values used were OLS parameter estimates of the production function. Maximum Likelihood estimator (ML
estimator) was found to be significantly better than the COLS estimator when the contribution of the technical
inefficiency effects to the total variance term is large [23].

III DETAILS OF QUALITY AND PERFORMANCE INDICATORS FOR SFA
For quality assessment of services quality parameter known as a water quality indices can be successfully included
in SFA. Previous studies include water quality parameter like number of working treatment plant, water quality as
environmental variables in parametric approach. Table 3.1 represents a set of indicators required for SFA.
Table 3.1. Data requirements of the water supply services for performance indicators with respect to its
definitions & data specifications
S.
Indicators
Definition
Data specifications
No.
1
Average daily clear water
Average volume of water produced daily to fulfill the Output
production (MLD)
requirement of the city
2
No. of employees
Number of employees working in a municipality
Input
3

Capital (length of the
piped network in Km)

4

Installed capacity of water
treatment plant
Density of customers
(population served /
coverage area by service)
Non- revenue water (loss)
(%)

5

6

In the absence of Capital cost of municipality length
of the piped network of water supply services taken
as a proxy variable.
Total capacity of water filtration and treatment plant

Input

Density of customers defined as a ratio of population
served by the municipality to the coverage area by
services.
Non- revenue water or define as a loss

Input/Environmental
Variables

7

Number of connections

Number of connections supplied by the municipality

8

Total expenditure on electricity,
chemicals etc.
Total expenditure on staff salary

11

Operating expenditure (Rs.
in Lakhs)
Price of labor (Avg. annual
wages, Rs. in lakhs)
Prize of Electricity (Rs. in
lakhs)
Area of service

12

Water quality Index

A single value represent the water quality on the
basis of one or other quality parameters which
translates the list of constituents and their
concentrations present in a sample.

9
10

maintenance,

Input

Dummy
variables/Environme
ntal variables
Quality
variable/output
variable
Output
Input

Total expenditure on electricity

Input

Area covered by the services

Environmental
variables
Environmental
variables

3.1 The water quality index
The last of the variables, the water quality index (WQI) is a multi-parameter number that integrates various
parameters representing water quality. Developed by National Sanitation Foundation, USA in 1970, the WQI
included nine water quality parameters. These 9 water quality parameters are Dissolved oxygen, Fecal coliform, PH,
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BOD5, temperature difference, total phosphate, Nitrate, Turbidity and total solids. WQI may be however, adopted
with some modifications as needed by the municipal authorities.
United Nations Environment Programme [24], suggests a number of WQIs. These include:
1.

Drinking Water Quality Index (DWQI)
a.

2.

all parameters regardless of WHO designation

Source Water Quality Index (SWQI)
a.

health and microbial criteria only

b.

arsenic, boron, cadmium, chromium, copper, fluoride, lead, manganese, mercury, nitrate, nitrite,
faecal coliforms

3.

Acceptability Water Quality Index (AWQI)
a.

acceptability criteria only

b.

ammonia, chloride, iron, pH, sodium, sulphate, zinc

IV CONCLUSION
In order to improve the efficiencies of water supply services, it is necessary that their performances be evaluated
over time, and competition be generated for inculcating a culture of efficient delivery of these services. Hence, as a
matter of policy, there is a need to collect data regularly, and on preselected and predefined parameters to ensure
consistency. It is suggested that parametric approach like SFA is best suited for efficiency measurement in India
where some environmental factors affect utilities performance. The biggest benefit/beauty of SFA is having a
capacity of inclusion of Noise in parametric form.

REFERENCES
[1]

Crain, W., M., and Zardkoohi A., A test of the property-rights theory of the firm: water utilities in the
United States, Journal of Law and Economics 21(2), 1978, 395–408.

[2]

Bruggink, T., H., Public versus regulated private enterprise in the municipal water industry: A comparison
of operating costs, Quarterly review of economics and business, 22 (1), 1982, 111–25.

[3]

Byrnes, P., Estimation of cost frontiers in the presence of selectivity bias: ownership and efficiency of water
utilities, Advances in Econometrics, 9(1), 1991, 121–37.

[4]

Bhattacharyya, A., Harris, T., R., Narayanan, R., and Raffie, K., Specification and estimation of the effect of
ownership on the economic efficiency of water utilities, Regional Science and Urban Economics, 25(6),
1995, 759–84.

2725 | P a g e

International Conference On Recent Trends In Engineering Science And Management
Jawaharlal Nehru University, Convention Center, New Delhi (India), 15 March 2015

[5]

ISBN: 978-81-931039-2-0
www.conferenceworld.in

Corton M., L., Benchmarking in the Latin American water sector: the case of Peru, Utilities Policy, 11(3),
2003, 133–142.

[6]

Kirkpatrick, C., Parker, D., and Zhang, Y., F., State versus Private Sector Provision of water services in
Africa: A Statistical, DEA and Stochastic Cost Frontier Analysis, Centre on Regulation and Competition
Working paper series (70), Institute for Development Policy and Management, University of Manchester,
June 2004.

[7]

Herrero, I., Different approaches to efficiency analysis -An application to the Spanish Trawl fleet operating
in Moroccan waters, European Journal of Operational Research 167(1), 2005, 257–271.

[8]

Benedetti, L., Dirckx, G., Bixi, D., Thoeye, C., and Vanrolleghem, P., A., 2008. Environmental and
economic performance assessment of the integrated urban wastewater system, Journal of Environmental
Management, 88(4), 2008, 1262-1272.

[9]

Nauges, C., and Berg, C., Economies of density, scale and scope in the water supply and sewerage sector: a
study of four developing and transition economies, Journal of Regulation & Economies, 34, 144-163.

[10]

Filippini, M., Hrovatin, N., and Zoric, J., Cost efficiency of Slovenian Water distribution Utilities: An
Application of Stochastic Frontier Methods, Journal of productivity analysis, 29(2), 2008, 169-182.

[11]

Corton M., L., and Berg S., V., Benchmarking Central American water utilities, Utility Policy, 17(3), 2009,
267-275.

[12]

Estache, A., and Kouassi, E., Sector Organization, Governance and the Inefficiency of African Water
Utilities. World Bank Policy Research Working Paper, No. 3374, 2002.

[13]

Estache, A., and Rossi, M., A., How different is the efficiency of public and private water companies in
Asia? World Bank Economic Review, 16(1), 2002, 139–48.

[14]

Garcia, S., and Thomas, A., The Structure of Municipal Water Supply Costs: Application to a Panel of
French Local Communities, Journal of Productivity Analysis 16(1), 2001, 5-29.

[15]

Fabbri, P. and Fraquelli, G., Costs and Structure of Technology in the Italian Water Industry. Empirica, 27,
2000, 65-82.

[16]

Mizutani, F., and Urakami, T., Identifying Network Density and Scale Economies for Japanese Water
Supply Organizations, Papers in Regional Science, 80(2), 2001, 211-230.

[17]

Saal, D., S., and Parker, D., Assessing the Performance of Water Operations in the English and Welsh Water
industry: A Panel Input Distance Function Approach, Aston Business School Working Paper RP0502, 2005.

[18]

Vishwakarma Amit, Kulshrestha Mukul, International Journal of Environmental Sciences (IJES). 1(2),
2010, 357-367
2726 | P a g e

International Conference On Recent Trends In Engineering Science And Management
Jawaharlal Nehru University, Convention Center, New Delhi (India), 15 March 2015

[19]

ISBN: 978-81-931039-2-0
www.conferenceworld.in

Aigner, D., J., Lovell, C., A., K., and Schmidt, P., J., Formulation and estimation of stochastic frontier
production function models, Journal of Econometrics 6 (1), 1977, 21-37.

[20]

Meeusen, W., and Broeck, J., Efficiency estimation from Cobb-Douglas production functions with
composed error, International Economic Review, 18(2), 1977, 435-444.

[21]

Battese, G., E., and Corra, G., S., Estimation of a Production Frontier Model: With Application to the
Pastoral Zone of Eastern Australia, Australian Journal of Agricultural Economics, 21(3), 1977, 169-179.

[22]
Jondrow, J., Lovell, C., A., K., Materov, I., S., and Schmidt, P., On estimation of Technical Inefficiency in
the Stochastic Frontier Production Function Model, Journal of Econometrics, 19(2-3), 1982, 233-238.

[23]

Coelli, T., J., Estimators and Hypothesis Tests for a Stochastic: A Monte Carlo Analysis, Journal of
Productivity Analysis, (3), 1995, 247-268.

[24]
UNEP. Global Drinking Water Quality Index Development and Sensitivity Analysis Report, Prepared and
published by the United Nations Environment Programme Global Environment Monitoring System
(GEMS)/Water Programme, 2007.

2727 | P a g e

International Conference On Recent Trends In Engineering Science And Management

ISBN: 978-81-931039-2-0

Jawaharlal Nehru University, Convention Center, New Delhi (India), 15 March 2015

www.conferenceworld.in

EXPERIMENTAL ANALYSIS OF HEAT TRANSFER
AND FRICTION FACTOR IN DOUBLE PASS SOLAR
AIR HEATER BY USING DISCREET RIBS ON THE
ABSORBER PLATE
Dinkar Prasad Singh1, Manish Kumar Tated2 and Sudhanshu Dogra3
1,2

Department of Mechanical Engineering, Lovely Professional University, (India)

3

Assistant Professor, Department of Mechanical Engineering, Lovely Professional University, (India)

ABSTRACT
This paper presents the effect of employing discreet ribs on the absorber plate in enhancing the heat transfer
and friction factor characteristics of Double pass solar air heater. An experimental investigation is carried out
with discreet ribs on the absorber plate in Double pass solar air heater rectangular duct having aspect ratio
(W/H) 10.The results of which is then compared to that of the smooth plate. The Artificial roughness of discreet
ribs attached on both sides of absorber plate is at fixed angle of attack (α) =90˚ and the Reynolds number varies
from 6800 to 14000. The relative roughness pitch (p/e) is 5, 10 and 20; and fixed relative roughness height
(e/Dh) 0.044. The results shows a significant increase in the heat transfer and friction factor as compared to the
smooth plate. The maximum heat transfer and friction factor is observed at relative roughness pitch (p/e) of 10.
Keywords- Absorber Plate, Discreet Ribs, Double Pass Solar Air Heater (Dpsah), Nusselt Number, Reynold
Number.

I. INTRODUCTION
Solar air heater is a renewable energy heating device used to heat or condition air for space or process heat
applications. Solar energy is converted into heat energy with the help of solar air heater [1]Thermal efficiency of
solar air heater is not sufficient due to low rate of heat transfer capability between absorber plate flow rates of
air in the duct. To increase the efficiency of heat transfer is by creating the turbulence at the surface of heat
transfer with the help of artificial roughness on plate. Earlier experimental studies on single pass and double
pass solar air heaters having roughened duct have found that the heat transfer coefficient is generally higher
depending upon the type of roughness on the absorber plate for many different types of geometry.
Several methods had been used to enhance the heat transfer of artificial roughness on the absorber plate as use
of fins, transverse ribs, packed bed, porous materials, and corrugated absorber etc. used by various investigator
in single pass air heater (SPSAH) and double pass solar air heater (DPSAH).
Satunanathan et al. [2] developed the idea of double pass counter flow air heater. They flows air firstly between
the glass panes before passing through the blackened metal collector. It was found that temperature of outer
glass cover under these conditions were 4-10 ˚F and much nearer to temperature compared to single pass
collector. These types of double pass solar air heater are 10-15% more effective than the single pass solar air
heater.
N.E. Wijeysundera et al.[3]had been investigated that the solar air heater with two covers in a two pass mode
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about 10-15% more collector efficiency compared to SPSAH over a wide range of design and operating
conditions. Air passes through entry level and exit level by separation of absorbing plate, the performance is
better than SPSAH system up to about 50˚C inlet temperature difference.
N.K. Bansal et al. [4] analyzed that a non-porous air heater in which air was blown between the below and
above absorbing plate having more thermal efficiency than single flow of air and use of double glazing helps to
increase the efficiency of the system for small mass flow rate. They also give the expression for theoutlet air
temperature and useful heat flux in terms of mass flow rate, direction of air flow and other relevant parameters.
H.P. Garg et al.[5] studied on multiple pass solar collector in which fluid pass through various channels made
from transparent glass sheets. There is a heat gain in each channel with depend on various factors as mass flow
rate, depth of duct, number of channel and thermos-physical properties of fluid. The outlet temperature increase
as number of pass increases and it decreases with increase of mass flow rate. On increasing the depth of flow
from 0.5 to 2 cm then outlet temperature slightly decreases. They also give mathematical model for such
system.
K. Sopian et al. [6] had designed the DPSAH to study the thermal performance over a design and operating
condition of collector with or without porous media. They obtained numerous important relationship between
the design and operating conditions. These relationship effect the thermal performance of the double pass solar
collector. They obtained that the second channel of porous media increase the outlet temperature, hence thermal
efficiency of system 20-70% higher than collector without porous media.
H.M. Yeh et al. [7] had been investigated both experimentally and analytically of collector efficiency of DPSAH
with fins attached on both side of absorbing plate. The effect of fraction of mass transfer rate in upper or lower
side channel are obtained. It shows that the collector efficiency is unity i.e. the optimal fraction of airflow rate r,
is 0.5. The thermal performance decreases when r, as well as (1-r), goes away from 0.5. The collector efficiency
of DPSAH is 70.5% at the value of r is 0.5.
A.A .El-Sebaii et al. [8] had been investigated both experimentally and theoretically of the thermal performance
in DPSAH by using packed bed. The thermo hydraulic efficiency increase with increase of mass flow rate
0.05kg/s beyond which the increase of thermo hydraulic efficiency insignificant. It is recommended to operate
the system with packed bed with values of mass flow rate 0.05kg/s or lower having a pressure drop across the
DPSAH.
Hikmet Esen [9] had been investigated that the experimental energy and exergy analysis of DPSAH having
different obstacles on absorber plates. For increasing the heat transfer area may be achieved if air is flowing
separately and simultaneously under the different types absorbing plate’s obstacles. They obtained the higher
efficiency value of type III than for type I (without obstacles) flat absorbing plate.
S.M. Shalaby et al. [10] carried out both experimentally and theoretically on v corrugated plate in DPSAH. They
investigated the effect of pressure drop, mass flow rate, thermal and thermo hydraulic efficiency on v-corrugated
absorbing plate. They obtained that the efficiency of double pass v-corrugated solar air heater is 11-14% higher
than the double pass flat plate solar air heater. During the higher efficiency mass flow rate is 0.02kg/s.
Sudhanshu Dogra et al. [11] had been investigated the effect of transverse ribs on both side of absorber plate of
a DPSAH on the heat transfer and friction factor. They observed that the maximum heat transfer and friction
factor at relative roughness pitch of 10 and enhancement in the heat transfer is higher than the smooth plate. The
range of Reynold number varies from 4900 – 12000.
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II. DETAILS OF EXPERIMENTAL SETUP
Double pass solar air heater, sectional view of duct, experimental setup and absorbing plate are shown in
“Fig.1”, “Fig.2”, “Fig.3” and “Fig.4” respectively. The detailed description of setup summaries in the given
Table 1:

Table 1. Description of Experimental Setup
Size of entire duct

2070mm×250mm×25mm

Length of test section

1600mm

Entry length

400mm

Intensity of light (5halogen light of 500Weach)

900W/m2

Glass sheet thickness

4mm

Galvanized iron sheet for absorbing plate thickness

0.8mm

Aluminum wire ribs attached to the upper and lower

2mm diameter

side of the absorber plate with resin and hardener
Suction air blower of three phase

3HP, 230 V and 3000rpm

Thermistor to measure the air and absorber plate at

10k-ohm NTC

different location
Pyrometer

Measure the intensity of light

Micro manometer

Measure the pressure across test section.

Two gate valves

Precise control of air flow.

U-tube Manometer

Measure the mano-metric height which is used
for pressure drop across the orifice plate in the
pipe.

Orifice plate

80mm diameter with 45˚bevelled edge.

Fig1. Sketch of Double Pass Solar Air Heater and their Components
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Fig2. Section view of Duct

Fig 3. Experimental Setup
Upper Side (Black paint)

Lower Side (without paint)

Fig 4. Schematic View of Absorber Plate
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III. VALIDIATION AND EXPERIMENTAL PROCEDURE
The experimental data was collected according to ASHARE Standards [12] for DPSAH. The roughness surface
is created by discreet ribs on both side upper and lower of absorber plate. To validate the setup was tested by
conducting the experiments for a smooth absorber plate before conducting the experiments for roughened
absorber plate. The Nusselt number (Nu) and friction factor (f) for smooth duct were deter-mined from
experimental data. These values were then compared with the values obtained from the following correlations of
Dittus Boetler equation [13] for Nusselt number (Nus) and with the modified Blasius equation [14] for friction
factor (fs) for smooth duct:
𝑁𝑁𝑢𝑢𝑢𝑢 = 2 × 0.024𝑅𝑅𝑅𝑅 0.8 𝑃𝑃𝑃𝑃 0.4

Dittus-Boelter equation:

𝑓𝑓𝑠𝑠 = 2 × 0.085𝑅𝑅𝑅𝑅

Modified Blasius equation:

(1)

−0.25

(2)

Experimental and predicted value of the Nusselt number and friction factor is shown by “Fig.5” and “Fig.6”
respectively. In the case of double pass solar air heater the Dittus–Boelter equation and Modified Blasius

NUSSELT NUMBER

equation has been two times of the original.
90
80
70
60
50
40
30
20

Smooth Plate

Dittus Boelter
Eq.

4000

6000

8000
10000
12000
REYNOLD NUMBER

14000

16000

Fig 5. Experimental with predicated value of Nusselt number of smooth plate.

FRICTION FACTOR

0.025
0.02
0.015

Smooth Plate

0.01

Modified Blasius
Eq.

0.005
4000

6000

8000

10000

12000

14000

16000

REYNOLD NUMBER

Fig 6. Experimental with predicated value friction factor for a smooth plate
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The following parameters were measured:
1) Find the temperature of the absorber plate and their mean at twelve locations.
2) Find the temperature of air at the entry and outlet section of duct.
3) Find the pressure drop across the test section using micro-manometer.
4) Find the pressure drop across the orifice meter using manometer.

IV. REDUCTION OF DATA
1.The mean plate temperature Tp is calculated by average of the temperatures recorded at various locations on
the absorber plate; as𝑇𝑇𝑇𝑇 =

𝑇𝑇5+𝑇𝑇6+𝑇𝑇7+𝑇𝑇8+𝑇𝑇9+𝑇𝑇10+𝑇𝑇11+𝑇𝑇12+𝑇𝑇13+𝑇𝑇14+𝑇𝑇15+𝑇𝑇16
12

(3)

The bulk mean air temperature, Tf is the arithmetic mean of the measured values of air temperature of test

𝑇𝑇𝑓𝑓 =

section,

𝑇𝑇1+𝑇𝑇2+𝑇𝑇3+𝑇𝑇4
4

(4)

2. The pressure difference across the orifice meter obtained from the U-tube manometer been used for the
determination of mass flow rate from the equation given below:
2ρ(∆P0)
1−β 4

m = Cd A 0 �

3. The heat transfer coefficient,

h=𝐴𝐴

(5)
𝑄𝑄𝑢𝑢

(6)

𝑝𝑝 (𝑇𝑇𝑝𝑝 −𝑇𝑇𝑓𝑓 )

whereas Tp is the mean absorber plate and Tf is the fluid temperatures, as discussed above and Heat transfer rate
(Qu) to the air is given by:

Q u = mCp (Tp − Ti )

(7)

4. The heat transfer coefficient calculated using the above equation is used to conclude the Nusselt number as

Nu =

given below:

Whereas Dh is the hydraulic diameter.

hD h
k

(8)

5. Pressure drop (ΔΡ) measured across the test section length is used to find out the friction factor using Darcy
Wiesbach equation as below;

f=

2(∆P)D h
4ρLV 2

(9)

V. RESULTS AND DISCUSSIONS
After the experimental analysis given below two graphs in fig. 7 and fig. 8 shows the effect of relative
roughness of pitch (p/e). These graphs shows the variation of heat transfer and friction factor as a function of
Reynold numbers respectively. Values of flow and roughness parameter are given below in Table 2.

Table 2. Values of flow and roughness parameter
S. No

Parameter

Values

1.

Relative roughness pitch (p/e)

5, 10 and 20

2.

Reynold number

6800 to 14000

3.

Fixed attack angle of discreet ribs (α)

90˚
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4.

Relative roughness height (e/Dh)

0.044

In fig. 7 Nusselt number increases as Reynold number increases at the different valueof relative roughness pitch
(p/e). It has been observed that the maximum heat transfer occur at relative roughness pitch (p/e) of 10 because
the maximum reattachment points obtained.
In fig. 8 Friction factor decreases as Reynold number increases at the different value of relative roughness pitch
(p/e). It has been observed that maximum friction factor occur at relative roughness pitch (p/e) of 10 because of
suppression of viscous sublayer.
120

α=90 ˚
e/Dh=0.044

110
NUSSLET NUMBER

100
90
80

Smooth Plate

70
60

P/e=20

50

p/e=10

40

p/e=5

30
20
4000

6000

8000

10000

12000

14000

16000

REYNOLD NUMBER

Fig 7. Variation of the Nusselt number with the Reynolds number for different parameter
α=90 ˚
e/Dh=0.044

0.035

FRICTION FACTOR

0.03

0.025
Smooth Plate
p/e=20

0.02

p/e=10
p/e=5

0.015

0.01
4000

6000

8000

10000

12000

14000

16000
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Fig 8. Variation of the Friction factor with the Reynolds number for different parameter
VI. CONCLUSION
Experiments were conducted to analyzethe effect of heat transfer and friction factor on discreet ribs of absorber
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plate in DPSAH. It has been observed that DPSAH having absorber plate with discreet ribs results in higher
friction factor and Nusselt number as compared to that of smooth plate. The maximum enhancement of Nusselt
number and friction factor has been obtained 1.28 and 1.17.times respectively than smooth plate at relative
roughness pitch (p/e) of 10. The major applications of DPSAH is found to be in space heating, gymnasiums,
dryers, food dehydration etc. This DPSAH is better than the simple solar air heater in context that it is having
better efficiency than the latter one. Also we can simulate the experimental results in CFD so to get the better
results and to use it in best possible way.
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ABSTRACT
A CFD (Computational Fluid Dynamics) based investigation has been carried out to study the heat transfer and friction
characteristics by using a combination of transverse as well as V-up ribs on the absorber plate of solar air heater duct for

a range of system and operating parameters. It has been observed that roughened absorber plate results
augmented heat transfer coefficient at the cost of frictional penalty. In order to predict performance of the
system, Nusselt number and friction factor correlations have been developed by using the data generated under
CFD based investigation.

Keywards: Artificial roughness, CFD, friction factor, Nusselt number and Solar air heater.
I. INTRODUCTION
Energy is a crucial input in the process of economic, social and industrial development of any nation. During
past several decades, energy demand of the world has been increasing continuously at an alarming rate due to
increase in population, industrialization, transportation etc. Continuous use of fossil fuels have resulted energy
crisis and environment degradation at global level. On the many alternatives, solar energy is an important
renewable energy resource that has the potential of fulfilling all energy needs. Some important applications of
solar energy are solar water heating, solar space heating/cooling, solar cooking, solar crop drying, solar power
generation etc. Simplest method to utilize solar radiation is to convert it into thermal energy for heating
applications by using solar collectors. Solar air heaters because of their inherent simplicity are cheap and are
used for many domestic and commercial applications like space heating, crop drying, wood seasoning etc.
Thermal energy of hot air flowing from solar air heater can be stored to use the same in absence of solar
radiation for various applications as has been reported by Singh et al. [1]. Thermal efficiency of solar air heaters
is generally considered poor because of low heat transfer capability between absorber plate and air flowing in
the duct. In order to make solar air heaters economically viable, their thermal efficiency needs to be improved
by enhancing the heat transfer coefficient. In order to attain higher heat transfer coefficient, it is desirable that
laminar sub-layer formed during flow of air on surface of absorber plate should be broken and flow at the heat
transferring surface is made turbulent. This can be achieved by providing artificial roughness on the surface of
absorber plate. Artificial roughness can be produced by several methods such as by wire fixation in the form of
transverse continuous ribs, transverse broken ribs, inclined and V-shaped or staggered ribs, rib formation by
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machining process in the form of chamfered ribs, wedge shaped ribs, combination of different integral rib
roughness elements and by using expanded wire mesh. Many experimental investigations have been carried out
involving roughness elements of different shapes, sizes and orientations with respect to flow direction. Hans et
al. [2], Bhushan and Singh [3], Kumar et al. [4] and Lanjewar et al. [5] carried out a review of different
geometries used for creating artificial roughness on absorber plate of solar air heater. Several
investigations have been carried out to study the effect of artificial roughness on heat transfer and fluid
flow characteristics used in compact heat exchangers by Webb et al. [6], Hwang et al. [7], Xie et al. [8],
Liu et al. [9]. Prasad and Mullick [10] reported the effect of thin wires in transverse direction to increase the
heat transfer co-efficient. Authors compared the Nusselt number, friction factor and plate efficiency factor of
roughened corrugated and plane absorber plates with that of plane corrugated and smooth absorber plates.
Prasad and Saini [11] reported the effect of small diameters protrusions wires fixed on absorber plate of solar air
heater. An enhancement in Nusselt number (Nu) and friction factor (f) was observed over smooth duct of the
order of 2.38 and 4.25 times respectively. Muluwork et al. [12] compared thermal performance of
transverse discrete ribs with discrete V-up and V-down ribs as roughness geometry. Heat transfer
coefficient and friction factor attained maximum values for an angle of attack (α) 60 o and 70 o
respectively. Momin et al. [13] investigated effect of geometrical parameters on heat transfer and ﬂuid
ﬂow characteristics of rectangular duct of solar air heater having absorber plate roughened with V-shape
rib roughness geometry. Authors reported that V-shape ribs with an angle of attack (α) of 60 o enhanced
Nusselt number by 1.14 and 2.30 times and friction factor by 2.30 and 2.8 times over inclined ribs and
smooth duct respectively. Karwa [14] investigated the effect of inclined continuous and discrete ribs on
performance of solar air heater. It is reported that the enhancement in Stanton number over the smooth duct was
reported to be in range of 102-137%, 110-147%, 93-134% and 102-142% for V-up continuous, V-down
continuous, V-up discrete and V-down discrete respectively. Hans et al. [15] reported an experimental
investigation on heat transfer and friction characteristics of solar air heater duct having multiple v-ribs
roughness geometry. Maximum enhancement in Nusselt number and friction factor was observed to be 6 and 5
times respectively as compared to smooth duct for the range of parameters considered. Singh et al. [16] reported
an experimental investigation on heat transfer and flow characteristics of rectangular duct having its one broad
wall heated and roughened with periodic discrete V-down ribs. Kumar et al. [17] studied the effect of multi vshaped rib with gap roughness on heat transfer and friction characteristics of rectangular solar air heater. The
enhancement of Nusselt number and friction factor was reported to be of order 6.74 and 6.37 times respectively
over smooth duct. Singh et al. [18] experimentally investigated the effect of multiple arc shaped ribs on the heat
transfer and friction characteristics of rectangular solar air heater. The maximum enhancement in Nusselt
number and friction factor is 5.07 and 3.71 times respectively as compared to smooth duct. Layek et al. [19]
reported experimental investigation on heat transfer and friction characteristics of solar air heater duct having
roughness geometry. Authors reported that Nusselt number and friction factor increased by 3.24 times and 3.78
times respectively as compared to smooth duct. Saini and Saini [20] reported experimental investigation on
expended metal mesh type of roughness geometry. Maximum enhancement in Nusselt number and friction
factor was reported of the order of 4 and 5 times respectively as compared to smooth duct. Bhushan and Singh
[21] investigated heat transfer and friction characteristics of a roughened duct having protruded roughness
provided on absorber plate. It is reported that maximum enhancement of Nusselt number and friction factor of
3.8 and 2.2 times respectively in comparison to smooth duct. Yadav et al. [22] reported experimental
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investigation on heat transfer and friction characteristics of solar air heater duct having circular protrusions
arranged in angular arc as roughness elements on absorber plate. Authors reported that heat transfer and friction
factor is 2.89 and 2.93 times as compared with smooth duct in the investigated range of parameters. Application
of artificial roughness to increase heat transfer coefficient has also been investigated using Computational Fluid
Dynamics (CFD) by various investigators. Use of CFD in analysis of artificially roughened solar air heater
has been attempted by few investigators. Yadav and Bhagoria [23] carried out a review of the literature that
deals with the applications of CFD in the design of solar air heater. Chaube et al. [24] carried out CFD
based analysis for prediction of heat transfer and friction characteristics in high aspect ratio rib roughened
rectangular air duct. 2-D models were run for various types of roughness geometry. Shear stress transport (SST)
k-ω turbulent model available in FLUENT software was selected by comparing the predictions of different
turbulence models with experimental results available in the literature. A detailed analysis of heat transfer
variations within inter rib region was done by using the selected turbulence model. Miyazaki et al. [25]
conducted CFD based investigation on the performance of a solar chimney. Hahne and Chen [26] conducted
numerical investigation on heat transfer and flow characteristics in a cylindrical hot water store during the
charging process under adiabatic thermal boundary conditions. Kumar and Saini [27] carried out a numerical
investigation to study CFD based performance of a solar air heater duct provided with artificial roughness in the
form of thin circular wire in arc shaped geometry. It has been observed that heat transfer and pressure drop data
for K-shaped (combination of transverse and V-up) roughness geometry have not been reported in the literature.
In the present paper, CFD based investigation has been reported, in which effect of K-shaped roughness
geometry on heat transfer and friction characteristics of artificial roughened duct has been investigated. CFD
data have been utilized to develop Nusselt number and friction factor correlations for predicting performance of
the system.

II. CFD MODEL AND INVESTIGATION PROCEDURE
In order to carry out present CFD based analysis, duct model was designed as per guidelines proposed in
ASHARE standard [28]. Conventional solar air heater and CFD model of solar air heater duct are shown in
Fig. (1) and (2) respectively. Length (L), height (H) and width (W) of rectangular duct are 2400, 30 and 300 mm
respectively. Length of entry, test and exit sections were kept 900 mm, 1000 mm and 500 mm respectively.
Absorber plate has been assumed made of GI sheet of thickness 0.9 mm as shown in Fig.3 (a) & (b). 2D plane
flow analysis of heat transfer and fluid flow through a rectangular duct roughened with K-shaped ribs has been
carried out using Flow Simulation module available in SolidWorks software. 2D computational domain and grid
were selected. Non-uniform meshing was generated over the duct. In order to examine the heat transfer and
flow, finer meshing was done in the inter ribs regions. In other regions, meshing level was kept normal. The
total numbers of cells (fluid, solid and partial) were varied depending upon the roughness height. Static pressure
and air velocity were considered as inlet and outlet boundary conditions in order to have pressure drop in test
section of the duct. As flow of air takes place within selected geometry, heat transfer and flow were simulated in
two dimensional planes. A uniform heat flux of 500 W/m2 was given on surface of absorber plate as
heat source.
In order to carry out CFD analysis in two dimensional planes, following assumptions were made;
i.

Flow is fully turbulent.

ii.

Thermal conductivity of the duct wall and roughness element does not change with temperature.
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iii. Material of the duct and ribs is homogenous and isotropic.
iv. The working fluid i.e. air is incompressible.

Fig.1: Conventional Solar Air Heater

Fig. 2: CFD Model of Solar Air Heater Duct.

Accuracy of CFD data collected in the present investigation was verified by conducting CFD analysis of
conventional smooth duct. Nusselt number and friction factor data were obtained and compared with the values
obtained from the following Dittus and Boelter Nusselt number correlation and modified Blasius friction factor
correlation as reported by Saini and Saini [20] for rectangular smooth duct.

Fig.3: (a) Schematic of Roughened
Absorber Plate.

Fig.3: (b) Photographic View of Roughened
Absorber Plate.

III. DATA REDUCTION
Following equations were used for calculating heat transfer rate (q), heat transfer coefficient (h), velocity of air
(V), Nusselt number (Nu) and friction factor (f):

Therefore, from Eqs. (3) and (4)

where Tpm and Tam are mean temperature of absorber plate and air. These were determined from temperature
values obtained for absorber plate and air at different locations along test section of the duct. Reynolds number,
Nusselt number and friction factor values were evaluated by using the following relationships:
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Table 1: Range/value of system and operating parameters.
S.No.

Parameter

Range/value

1

Reynolds number (Re)

4000-16000

2

Relative roughness pitch (p/e)

7.5-10.7

3

Relative roughness height (e/D)

0.025-0.036

4

Hydraulic diameter of duct (D)

54.54 mm

5

Duct aspect ratio (W/H)

10

Figs.4 and 5 show comparison of CFD and predicted data of Nusselt number and friction factor for smooth
absorber plate. A reasonably good agreement between CFD data and predicted data ensures accuracy of the data
being collected from CFD based investigation of solar air heater duct.

Fig. 4: Comparison of CFD and predicted data of Nusselt number for smooth absorber plate.
IV. RESULTS AND DISCUSSION
Heat transfer and ﬂow characteristics of the duct get affected in the direction of air flow due to ribs provided in
the form of artiﬁcial roughness. Effect of flow and roughness parameters on heat transfer and friction
characteristics has been investigated and results have been reported and discussed in the present section.
Fig. 6 represents variation of Nusselt number with Reynolds number. In this set, relative roughness height (e/D)
was kept fixed while relative roughness pitch (p/e) was varied. It can be observed that for a given type of
artificial roughness, Nusselt number increases with an increase in Reynolds number for smooth as well as
roughened plate. It may happen due to separation of flow at the rib and reattachment does not occur for relative
roughness (p/e) less than 8 as reported by Prasad and saini [11]. With increase in relative roughness pitch from
7.5 to 8.3, Nusselt number increases and is maximum at p/e of 8.3.
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Fig. 5: Comparison of CFD and predicted
data of friction factor for smooth
absorber plate.

Fig. 6: Variation of Nusselt number as a
function of Reynolds number for range
of relative roughness pitch (p/e).

Fig. 7 represents variation of Nusselt number with Reynolds number. In this set, relative roughness pitch (p/e)
was kept fixed while relative roughness pitch (e/D) was varied. It can be observed that Nusselt number increases
monotonously with an increase in Reynolds number for smooth and roughened duct. It can be also observed that
larger relative roughness height (e/D) may be produced the same effect as that of relative roughness pitch (p/e)
less than 8 as reported by Prasad and Saini [11].

Fig. 7: Variation of Nusselt number as a

Fig. 8: Variation of Friction factor as a

function of Reynolds number for range of

function of Reynolds number for range of

relative roughness height (e/D).

relative roughness pitch (p/e).

Fig. 8 shows the variation of friction factor with Reynolds number for the range of relative roughness pitch. It
can be observed that friction factor decreases with an increase in Reynolds number for smooth and roughened
duct. Similar effect has also been reported by Hans et al. [15]. Fig.9 shows variation of friction factor with
Reynolds number for range of relative roughness height. It can be observed that friction factor decreases with an
increase in Reynolds number. Similar variation has also been reported by Prasad and Saini [11]. It can be also
observed that increase in relative roughness height (e/D) results in an increase in friction factor at a given value
of Reynolds number.
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V. DEVELOPMENT OF NUSSELT NUMBER AND FRICTION FACTOR CORRELATIONS
It has been observed that Nusselt number and friction factor are strong functions of Reynolds number (Re) and
relative roughness pitch (p/e). Functional relationships for Nusselt number and friction factor can therefore be
written as:

As per procedure described by Singh et al. [29] and using Sigma plot software following Nusselt number and
friction factor correlations were developed corresponding to CFD data as shown in Figs. (6,7)
and (8,9) respectively.
Nu = 1.62 × 10−8 (Re)0.98 ( p / e)5.7 (e / D)6.03 exp[−7.13{log( p / e)}2 ]exp[−7.3{log(e / D)}2 ]

f = 0.182 (Re)

−0.25

( p / e)

−0.64

(e / D )

(11)

0.19

(12)

Fig. 9: Variation of friction factor as a function of Reynolds number for range of
relative roughness height (e/D).
Figs.10 and 11 show comparison of CFD data and that predicted from above developed Nusselt number and
friction factor correlations for roughened absorber plate. Average absolute percentage deviations between CFD
and predicted values of Nusselt number and friction factor for K-shaped ribs have been found to be ±15 % and
±20 % respectively.

Fig. 10: Comparison of CFD and
predicted data of Nusselt number.

Fig. 11: Comparison of CFD and
predicted data of friction factor.
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VI. CONCLUSIONS
CFD based investigation has been reported in the present paper in order to study heat transfer and friction
characteristics of artificially roughened duct. Effect of roughness elements on heat transfer and friction has been
investigated for Reynolds number range of 4000–16000. It has been observed that roughened absorber plate
results into higher heat transfer coefficient at the cost of frictional penalty. In order to predict performance of the
system Nusselt number and friction factor correlations have been developed by utilizing CFD data.

VII. NOMENCLATURE
A

cross-sectional area of duct, m2

Cp specific heat of the air, J kg-1 K-1
D

hydraulic diameter of duct, m

e

height of roughness element, m

f

friction factor (dimensionless)

H

height of the duct, m

h

heat transfer coefficient, W m-2 K-1

k

thermal conductivity of air, W m-1 K-1

L

length of duct test section, m

M

mass flow rate of air, kg s-1

Nu Nusselt number (dimensionless)
p

pitch of roughness element, m

Pr

Prandlt number (dimensionless)

∆P

pressure drop in duct test section, N m-2

q

heat transfer rate, W

Re Reynolds number (dimensionless)
Ti

inlet air temperature of duct test section, K

To outlet air temperature of duct test section,
Tam mean temperature of air, K
Tpm mean temperature of absorber plate, K
V

velocity of air, m s-1

W width of the duct, m
Tam mean temperature of air, K
Greek letters

ρ

density of air, kg m-3

μ

dynamic viscosity of air, kg/s-m
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PROBLEMATICS OF TEACHING & LEARNING
COMMUNICATION SKILLS IN PROFESSIONAL
COLLEGES
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ABSTRACT
The present critique is an attempt to define, evaluate and discuss the problems of teaching as well learning the
subject communication skills in various professional colleges. Various reasons, such as educational, mental,
technical and economical are discussed and analyzed. An evaluation of the problems is done from both the
teacher’s as well as the learner’s point of views. Some of the root causes, both theoretical and practical, have
been discussed. Some recommendations which can be practically beneficial are also given at the end.

Keywords - Communication Skills, Lingua Franca, Pedagogy, Linguistics, Notional Syllabus

I.

INTRODUCTION

The title, basically, needs no introduction. As it is clear from the title that this paper is related to the problems or
obstacles that occur in teaching as well as learning communication skills in professional colleges. Before going
into the thick of the things, it is pertinent to clearly explain what the terms ‘communication’ and ‘skill’ mean.
Communication, as defined by so many authors, is the exchange of information, ideas, facts, feelings, opinions
and more importantly attitude between two or more than two persons. It is not only the transfer of information
through the most flexible means of communication, i.e. Language (spoken and written), but also through other
means of communication such as style, tone, mood and body language. Since communication is 7% verbal, 38%
vocal and 55% visual [1], it is obvious that how we say is more important than what we say. Skill is the ability
of performing something, which comes from the knowledge of a person. So it is important to learn
communication and then one can acquire the skills of communication. So communication is something that we
do. And it is necessary to teach both what to do and how to do. If we abbreviate the term ‘Communication
skills’, we get CS which can also be interpreted as ‘Common Sense’, ‘Convincing Speaker’ or ‘Confident
Speaker’. So teaching of communication skills means teaching to communicate in a convincing & confident
manner using the common sense. In the context of professional colleges ‘communication skills’ mean the art of
conversation using the foreign language, which is obviously English, since it is rendered the status of ‘Lingua
Franca’. So the name of subject is also changed to ‘Communicative English’ recently.
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II. STATEMENT OF THE PROBLEM
It has been estimated that around 60% of today’s world population is multilingual. So it is fair to say that
learning and teaching a foreign language is an important practical pedagogic concern. English has acquired a lot
of pedagogic importance in India, because teaching English as a foreign language is now regarded as a norm. In
all the professional institutes, except those belonging to Ayurveda, Communicative English is learnt in its
various forms and manifestations. For that matter, teaching communicative English is of paramount significance
in Indian education system, with more concern to professional degrees such as Medical, Engineering,
Management, etc. A technocrat or a manager, so to say of all the professionals, is incomplete until and unless he
has good command over and mastery in English.
Teaching Communication Skills raises several questions: Does a professional student’s language influence his
success or failure in life? What is the impact of the language of the teacher on the student? What methods and
techniques are employed by teachers? Does the milieu for learning communication skills is provided? Most
importantly what are the students taught: using English to learn it or learning English to use it? What problems
hinder the teaching and learning of communication skills?

III.

ANALYSIS

The very first question mentioned above has an obvious answer, i.e. YES. If a professional student has good
communication skills, he or she can attain success in his/her career. Practically we see a lot of students not
placed in the industries just because they fail in Group Discussion or Soft Skills/HR Interview. Though they are
strong in the technical aspect and have a good knowledge of hard skills, yet they are not able to speak
confidently and convincingly.
Secondly, it is not exaggeration to say that the language of the teacher has a lot of impact on the student. If the
teacher is a good communicator, the students will try to imitate him and will try to speak like him after being
influenced by him. Most of the students entering professional colleges after their senior secondary are not good
in communication skills because they are taught English by those teachers who are not up to the mark. They are
not given practice in communication; rather they are given drills in grammar only.
Thirdly, the teachers employ those methods and techniques which they feel comfortable in. They teach
subjectively not catering to the needs of the students. They forget the basic rule, i.e. “we should not teach what
we know, rather what the students want.” Till the time, in many rural institutes, grammar translation method is
employed. Even if the direct or audio-lingual methods are employed, the proper situations or communication
environment is not provided them to explore themselves. Varieties of techniques, methods and designs are
juxtaposed in the classroom teaching.
The above issue automatically raises the next point, i.e. the milieu for learning communication skills is provided
or not. The students are not exposed to the communication milieu in most of the rural colleges. They feel
hesitant to communicate and the teacher feels reluctant in using his communication power in order not to
confuse the students. This affects the communication environment in both the ways.
The most important issue raised above is very critical and crucial. The students are taught to use English to learn
it, not to learn English to use it. In the first case the students are given practice in English grammar rules and
drills in some practice exercises. In this case, they are able to learn correct usage of language but not produce
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language creatively. In the second case, the students are given exposure in language and then learn the rules
involved in the language produced or received. This helps them being creative. But many teaching
methodologies followed in classrooms lack the second aspect. Teacher must teach the language not about it.
Lastly, if we dive deep into the problem we find the following:
•

The basic problem is Mental Block. The students, specifically those belonging to rural areas, are
prejudiced regarding learning English, i.e. they have a clear cut ideology that they can’t learn. This
lowers their confidence level to such an extent that they hesitate to communicate effectively even in
their regional languages. It seems problematic to them to use English language in formal
communicational contexts such as meetings, group discussions, presentations, etc.

•

The next problem is that of method of developing vocabulary. Students try to go for meaning of the
words rather than going for the concept and learning to use the words in the context. This makes them
cram the vocabulary which is soon forgotten. At the time of communicating they fall short of words.

•

Phonetic problems also baffle the learners. They find difficult to learn the pronunciation, tones and
stress features of English Language. Even if they are taught by language labs, they are confused with
the dialogues of the native speakers which they hear in the lab sessions.

•

Most of the students belong to weak rural background and are taught by many public schools which
lack in basic facilities. Moreover, the survival of the rural crowd depends upon agriculture and the
natural weather conditions. Mostly it is difficult for them to arrange for reputed and standard private
schools. If weather is against them, it becomes difficult for them to send their children to schools.

•

Lack of awareness among the students is also a major contributing factor. Many learners are not
conscious of the importance of learning English as communication language. They hardly think about
their future and career choices.

•

Moreover, many students have the attitude to follow the principle of late learning and they develop the
psychology to learn English later on in their career. Many of the professional courses introduce
communication skills subject in the first year. At that time students find this subject not interesting and
not required for them. Later on when they realise the value of this subject, they hardly get time to
devote to this area.

•

Wrong methods are employed by most of the teachers. As it is said linguistics should be behind every
classroom, the teachers without the adequate knowledge of language structures are not able to do
justice with their subject teaching.

•

Time allotted to Communication Skills subject is also insufficient. Most of the time one semester is
given to this subject. But if the details of subject and ways of communication are to be taught ample
time is needed.

•

Many of the institutes, especially government, lack in language lab facilities. Modern language
learning software help teach better. It lays emphasis on language use. Instead of any syllabus students
are surrounded with the language only.

•

Linguistic variations cause problems for the teachers. Students of different backgrounds with various
levels of language varieties are a challenge for the teachers, which most of the average teachers find
complex to handle.
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Curriculum design of most the professional courses is also a problem. The curriculum of the most of
institutes is focused on teaching about English language not on teaching the language to communicate.
Teaching language is syllabus based not communication based. In fact every teacher is a
communication teacher if considered.

•

Last but not the least many teachers are themselves poorly motivated, because in many institutes they
are not even paid a handsome salary.

IV.

RECOMMENDATIONS

A critical part of learning is for students to have the capacity to communicate what they know, or think they
know. The best way for teachers to encourage communication from all students is through classroom discussion
or small group work [2]. There has dependably been the idea that you learn best when you really need to explain
or disclose an idea to another person. So teachers need to encourage their students to articulate their own insight
with the goal that they can take in more productively. Students who listen also get the advantage from listening
their schoolmates’ clarifications. At the point when students listen to each other, they frequently benefit from
listening to ideas being clarified from diverse focuses and in ways that may be closer to their mindset. At the
point when students listen efficiently they create queries to further everyone's reasoning and learning.
To have great discussions teachers need to give issues that have various resolutions or ways of resolutions.
These sorts of issues are best in re-enacting discussion, innovation and risk taking. When instructors are
attempting to promote an important discussion it is critical that they give their students a lot of time to react and
consider what they need to say Teachers ought to eschew short answered and yes/no type questions if they want
to initiate a value discussion. Detailed and deep level thinking questions are the best decision to evoke students
thinking and imparting their ideas. The teacher should also get involved in the discussion to rectify wrong
information but should be cautious when calling attention to lapses and mistakes. It is essential to create and
keep up an environment that students feel good and easy for taking an interest.
An alternate approach to encourage students to participate in communication act, particularly in the case they
are too timid to speak up, is to have them indulged in journal. Research suggests that dialogue journals provide a
purposeful activity in which students communicate their thoughts and feelings [3]. It is imperative that teachers
gather these journals and react to them. The teacher need not fundamentally assess them, however she/he could
ask the students questions to advance their reasoning and thinking. Such as, "Why do you believe that?", "What
could be an alternate reason?” and so on. Students can likewise exchange journals to share their thoughts and get
reactions from others.
Debates and Level headed discussions is an alternate way teachers can give their students with the chance to
perform their communication abilities. Research suggests that debate encourages different types of responses,
helps students to develop convincing arguments, and allows teachers and students to learn from one another [4].
This additionally encourages students to back up what they consider and it permits teachers to truly get a smart
thought of what sort of conceptual familiarity students have about specific themes.
The following recommendations are given to cope up the above problems:
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Psychological way of learning language should be promoted, i.e. in order to speak good English the
students should be made to first think in English. Assuming themselves in various situations and then
responding to those situations in English within the thought process is must to ensure quick learning.

•

Practical Ways such as practicing in front of mirror, writing daily experiences in diary everyday and
communicating with at least one friend in English language should be encouraged. This raises the
confidence level of the students and also helps them know their body language. The mirror also acts as
the audience.

•

Communicative approach should be followed. The students should be taught not according to syllabus
rather according to their communication needs. Smart and interactive class rooms are required to help
better learning. Modern technology can be of abundant help to the teachers.

•

Use of literature can also be made, specifically those pieces which are bowdlerized and abridged. This
will help students knowing various ways of communicating their ideas.

•

Use of linguistics is must. The teachers should be well read in linguistics and should have the basic
knowledge of structures of language. Moreover it should be compulsory for all the language teachers.

•

If it is difficult to go for any foreign accent, there can be a focus on Neutral Accent. Indianised English
can also be used to initiate the learning process.

•

Continuous Evaluation of the students in lab sessions is a must. They should be given grades according to
their daily performance.

•

Reform in curriculum is also required. British linguist D. A. Wilkins has given the concept of Notional
Syllabuses. He defined language using “notions” and “functions”, instead of the traditional categories of
grammar and vocabulary [5]. Notional categories include concepts to learn such as time, location,
frequency, and quantity. The functional categories include acts of communication such as offers,
complaints, denials, and requests. A notional-functional syllabus is a method of systematizing a languagelearning curriculum, rather than a method or an approach to teaching. In a notional-functional syllabus,
teaching instructions are not organized according to grammatical structures, but rather in terms of
"notions" and "functions". In this model, a "notion" is a specific context in which communication is done.
A "function" is a particular reason for a speaker in a given context. For example, the "notion" of visiting
bank requires numerous language "functions", such as asking about facilities or opening an account and
asking for a loan. The concept of ESP (English for Specific Purpose) should also be promoted. The
syllabus design should be according to needs of the particular course.

•

Time to be allotted to this subject should be extended. There should not be any restriction on students like
that of giving early responses and timely reactions.

•

There should also not any pressure of marks on the students. If possible the subject communication skills
should be totally internal one.

•

Lastly Motivation is the key to successful acquisition of language. But only those teachers can motivate
who themselves are motivated, as only an inspired soul can inspire others. The teachers should be well
paid, resourceful and full of modern facilities, and then they can encourage the students.
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CONCLUSION

In nut shell, the problems of learning and teaching communication skills are very many. But many a problem
has solution which is in our own hands. Provide the best of the facilities to the teachers, equip them with modern
language lab facilities, give them training in language teaching and give them freedom to teach apart from
grammar based syllabus, they will be the best motivators. Similarly, develop thinking abilities of the students,
make them practice as much as possible without any time constraint, let them come out of the pressure of marks,
they will be the best learners without being caught in the vortex of the complexities of the alien tongue.
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ABSTRACT
This project is an attempt towards understanding the complex phenomenon of wireless network system using
Wi-Fi module without any internet connectivity. A study of software programming and hardware mechanism,
structure was designed and manufactured with gradual improvement in communication characteristic i.e. data
file transfer, image transfer, audio communication and future scope in video communication. Different
networking protocols studied under the project to reach objectives by using GUI.TCP protocol develop wireless
network and SMTP, FTP, UDP protocols used to communicate and to run application. We would reach a point
where our model is connected to more than two PC or laptops and communicate with each other without any
internet or LAN connection.

I. INTRODUCTION
The main aim of our project is to making a personal network without any internet or LAN connection. Here we
are connecting two or more computers wirelessly i.e. making a offline wireless network. Our objectives are we
are transferring data files, images and audio communication and future scope in video communication. These
are done by using SMTP, FTP, UDP protocols. For offline communication module,the Wi-Fi modules are
connected to the PC’s or laptops and for file transferring we are making an Graphical User interface application
Wi-Fi which is design in Visual Studio 2010 on basis of Visual Base .net.

II. SYSTEM OVERVIEW
2.1 Types of Communication
Communication is a process of transferring the information from source to destination.
There are three types of communication.
Ø

Verbal communication

Ø

Non-verbal communication

Ø

Formal communication.

2.1.1 Verbal communication
Verbal communication is process using speech that is understood by all parties to the communication.

2.1.2 Non-verbal communication
Non-verbal communication it is sending a message without using words to convey meaning.

2.1.3 Formal communication
Formal communication involves utilizing the formal communication channels of an organization. Formal
communication can move vertically in an organization.
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2.2 Network communication
Network communication is of two types
Ø

Wired Communication

Ø

Wireless communication

2.2.1 Wired Communication
In this type of communication we are using LAN, MAN & WAN. Basically in a smaller area like a building or a
organization LAN are used to develop network.
2.2.1.1 Lan
A local area network (LAN) is a computer network that interconnects computers within a limited area such as a
home, school, computer laboratory, or office building using network media. The defining characteristics of
LANs, in contrast to wide area networks (WANs), include their smaller geographic area, and non-inclusion of
leased telecommunication lines.

2.2.1.2 Protocol Used In LAN
The various media-access methods, transmission methods, topologies, and devices used in a local area network
(LAN), to include methods and devices used in Ethernet/IEEE 802.3, Token Ring/IEEE 802.5, and Fiber
Distributed Data Interface (FDDI).

2.2.2 Wireless Communication
Wireless communication means there is no use of LAN. The data transmit and receive wirelessly over a channel
where a frequency band allotted for each. It is more efficient than wired communication and also simplex,
cheaper.

III. PROPOSED SYSTEM
Ø

This system is going to be designed considering college environment.

Ø

Here Principal and staff members are going to have conferencing in offline mode of wireless
communication.

Ø

In this system we are going to implement chatting, data file transferring and audio conferencing.

Ø

We have also included facility to video conferencing.

3.1 Protocol
The protocols are vital to networking activity. They're built in to the networking software on our computers.
Different protocols we are using for our various offline communication.Objectives are
Messaging/ Chatting: - SMTP
Data file transfer: - FTP
Audio Conferencing:-Microsoft direct sound
Video Conferencing: - Video chat library

3.2 Methodology of Software Development
The application software will be designed using VB.NET as a front end and MICROSOFT ACCESS as a back
end.VB.NET is a web application framework developed and marketed by Microsoft to allow programmers to
build dynamic applications and services. It was first released in January 2002 with version 1.0 of the .NET
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Framework. VB.NET is built on the Common Language Runtime (CLR), allowing programmers to write
VB.NET code using any supported .NET language.
3.2.1 VB.net
Microsoft Visual Basic, the fastest and easiest way to create applications for Microsoft Windows. Whether you
are an experienced professional or brand new to Windows programming, Visual Basic provides you with a
complete set of tools to simplify rapid application development.
So what is Visual Basic? The "Visual" part refers to the method used to create the graphical user interface
(GUI). Rather than writing numerous lines of code to describe the appearance and location of interface
elements, simply add prebuilt objects into place on screen. If you've ever used a drawing program such as Paint,
you already have most of the skills necessary to create an effective user interface.

3.2.2 GUI Log-in prompt framework
At time to run GUI, first form is of “Log-in” framework design using VB.net. It is design for security purpose
for user to access the application.

IV. SYSTEM ANALYSIS AND DESIGN
4.1 Messaging / Chatting
The Simple Mail Transfer Protocol is TCP/IP protocol used in sending and receiving mails and messages, using
a process called "store and forward". SMTP moves your message on and across networks. It works closely with
the Mail Transfer Agent (MTA)
SMTP spells out and directs email moves from computer’s MTA to an MTA on another computer and even
several computers. The message can move in steps from computer to its destination. At each step Simple Mail
Transfer Protocol is doing its job.

4.2 Data File Transfer
The File Transfer Protocol (FTP) is a standard network protocol used to transfer computer files from
one host to another host over a TCP-based network, such as the Internet.FTP is built on a client architecture and
uses separate control and data connections between the client and the server. For secure transmission that
protects the username and password, and encrypts the content.
E.g. IP messenger
4.2.1 GUI Chatting and File Transfer Framework
Application framework shown below is for chatting and data file transfer. Firstly we have to select the receiver
to whom we want to send message and data files by means of their IP address. There are textbox from where
we can send and receive messages of different user. For transferring data file we want to browse file from
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memory storage and then send that assign storage location data to other users. At time of file reception,
incoming file is directly store in folder at desktop. It is a path assign to programming.

4.3 Audio Conferencing
We are working on half duplex type of audio communication in which at a time only user can talk and other
users hears and vice versa for other user also i.e. like Walky-Talky.
In this type of audio communication, Microsoft Direct Sound library i.e. DirectX sound Protocol used to carried
out audio conferencing using GUI.

4.3.1 GUI Audio Conferencing Framework
The framework shown below is design for half duplex audio communication. Here first we want to set IP
address of receiver only at once when user is going to connected in a network. User want to assign name to
proceed call and select codec of call.

4.3.2 Microsoft Direct Sound
Direct Sound is a user mode API that provides an interface between applications and the sound card driver.
Enabling applications to produce sounds, Direct Sound is a deprecated software component of the Microsoft
DirectX library for the Windows. Besides providing the essential service of passing audio data to the sound
card, Direct Sound provides other essential capabilities such as recording and mixing sound, adding effects to
sound.

V. VIDEO CONFERENCING
Video Conferencing is carried out in GUI; It is a full duplex type of video communication in which two or more
user can do a video chat. This video conferencing is totally on offline mode also it is done wirelessly without
using any internet and LAN connectivity. Video chat library is used to carry out the video communication in
between two or more users.
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5.1 Video Chat Library
Video chat or video calling is essentially streaming both audio and video inputs asynchronously between two or
more end users. Video calling is a great way to have productive and visual communication between users. Video
chat library works with input sources i.e. camera, microphone, codec’s, compression and then the data is
streamed peer-to-peer between users. This way video calling doesn't impact the server much, so the system is
highly scalable. In this way video conferencing done in between users in a network using GUI.

VI. ADVANTAGES
As it is offline communication, there is no use of internet connection in all types of communication mentioned
above. I.e. it’s a replacement to internet connectivity.
As it is a wireless communication, there is no need of LAN wire. Simply we are replacing LAN connectivity in
a building or in a organization.
A two way chatting and video conferencing can be done with the help of this system wirelessly.

VII. DISADVANTAGES
It requires destination IP address.
Range of system is limited to 200 meters, for long distance communication WIFI repeater or booster is needed
Audio Conferencing is done only in half duplex mode, like Walky-Talky.
Video Conferencing can be done only in between two users.

VIII. CONCLUSION
This theory has given detailed explanation regarding existing technology. It has also described the basic
concepts of file transfer, audio and video Conferencing systems. It has also deal with the TCP/IP protocol in
networking. In this project application of our system like Chatting, data file transfer, Audio & video
conferencing have also been mentioned.
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FINDING ENERGY EFFICIENT PATH CONSIDERING
RESIDUAL ENERGY FOR ENERGY SAVING IN
WIRELESS AD HOC NETWORKS USING RMER AND
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ABSTRACT
The most important issue that must be solved in designing a data transmission algorithm for wireless ad hoc
networks is how to save sensor node energy while meeting the needs of applications/users as the sensor nodes
are battery limited. While satisfying the energy saving requirement, it is also necessary to achieve the quality of
service. In case of emergency work, it is necessary to deliver the data on time. Achieving quality of service in is
also important. In order to achieve this requirement AODV (ADHOC on demand distance vector) routing
protocol using alternate path for wireless ad hoc networks is proposed that saves the energy by efficiently
selecting the energy efficient path in the routing process.. RMER and RMECR are proposed for networks in
which either hop-by-hop or end-to-end retransmissions ensure reliability. Simulation studies show that RMECR
is able to find energy-efficient and reliable routes similar to RMER, while also extending the operational
lifetime of the network. This makes RMECR an elegant solution to increase energy-efficiency, reliability, and
lifetime of wireless ad hoc networks. In the design of RMECR consider minute details such as energy consumed
by processing elements of transceivers, limited number of retransmissions allowed per packet, packet sizes.

Keywords: Energy-aware routing, battery-aware routing, end-to-end delay, Hop-by-Hop
retransmission, reliability, wireless ad hoc networks
I. INTRODUCTION
ENERGY-EFFICIENT routing is an effective mechanism for reducing energy cost of data communication in
wireless ad hoc networks. Generally, routes are discovered considering the energy consumed for end-to-end
(E2E) packet traversal. Nevertheless, this should not result in finding essential reliable routes or overusing a
specific set of nodes in the network. Energy-efficient routing in ad hoc networks is neither complete nor
efficient without the consideration of reliability of links and residual energy of nodes. Finding reliable routes
can enhance quality of the service. A wireless AD HOC network consists of AD HOC nodes capable of
collecting information from the environment and communicating with each other via wireless transceivers. The
collected data will be delivered to one or more sinks, generally via multi-hop communication. Since multi-hop
routing is generally needed for distant AD HOC nodes from the sinks to save energy, the nodes near a sink can
be burdened with relaying a large amount of traffic from other node AD HOC nodes are resource constrained in
term of energy, processor and memory and low range communication and bandwidth. Limited battery power is
used to operate the AD HOC nodes and is very difficult to replace or recharge it, when the nodes die. This will
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affect the network performance. Optimize the communication range and minimize the energy usage, conserve
the energy of AD HOC nodes. AD HOC nodes are deployed to gather information and desired that all the nodes
works continuously and transmit information as long as possible.
AD HOC nodes spend their energy during transmitting the data, receiving and relaying packets. Hence,
designing routing algorithms that maximize the life time until the first battery expires is an important
consideration. Designing energy aware algorithms increase the lifetime of AD HOC nodes[2]. In some
applications the network size is larger required scalable architectures. Energy conservation in wireless AD HOC
networks has been the primary objective, but however, this constraint is not the only consideration for efficient
working of wireless AD HOC networks. There are other objectives like scalable architecture, routing and
latency.

II. SYSTEM MODULES
2.1 Network design

Figure 2.1 Network design
2.2 Route selection
In this method, user can select any type of broadcasting like as requesting and replying is the main process
going to be done and so on. In this project taking three items spectrum availability, network resources, and
licensed users. It included route selection module for setting the specific route with some fixed properties
preferences.

2.3 Wireless network evolution
Design the network which is capable of selecting various network paths [10]. The proposed network
broadcasting algorithm works on the choice of the user specified QOS parameters. A discovery and selection
mechanism to find a new Base Station must be done.

2.4 Customizing parameters
In this module, after getting the network detail and separating the different parameters. After separating the
parameters for each network, comparing that parameter to select best network .After comparison it provides the
Rank list [15] for each parameter.
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2.5 Network selection
Multi-parameter blind information is required to meet user needs in terms of automatic network selection during
handover. All the parameter values are normalized so that they take on values in the range of zero and one and
also in negative. After getting the rank for finding the path, the device going to select the best network
automatically [15].

2.6 Protocols used
AODV (Ad Hoc On demand Distance Vector Routing): It is a reactive routing protocol, meaning that it
establishes a route to a destination only on demand. In contrast, the most common routing protocols of the
Internet are proactive, meaning they find routing paths independently of the usage of the paths. AODV is, as the
name indicates, a distance-vector routing protocol. AODV avoids the counting-to-infinity problem of other
distance-vector protocols by using sequence numbers on route updates, a technique pioneered by DSDV. AODV
is capable of both unicast and multicast routing [5].
2.6.1 Working
In AODV, the network is silent until a connection is needed. At that point the network node that needs a
connection broadcasts a request for connection. Other AODV nodes forward this message, and record the node
that they heard it from, creating an explosion of temporary routes back to the needy node. When a node receives
such a message and already has a route to the desired node, it sends a message backwards through a temporary
route to the requesting node.
Each request for a route has a sequence number. Nodes use this sequence number so that they do not repeat
route requests that they have already passed on. Another such feature is that the route requests have a "time to
live" number that limits how many times they can be retransmitted. Another such feature is that if a route
request fails, another route request may not be sent until twice as much time has passed as the timeout of the
previous route request.

Figure 2.2 Processing of ad hoc network
2.7 Algorithms used
RMER and RMECR are proposed for networks in which either hop-by-hop or end-to-end retransmissions
ensure reliability. Simulation studies show that RMECR is able to find energy-efficient and reliable routes
similar to RMER, while also extending the operational lifetime of the network. This makes RMECR an elegant
solution to increase energy-efficiency, reliability, and lifetime of wireless ad hoc networks. In the RMECR, it
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consider minute details such as energy consumed by processing elements of transceivers, limited number of
retransmissions allowed per packet, packet sizes, and the impact of acknowledgment packets. It formulates the
link weights for the RMER and RMECR algorithm in the HBH system. For RMECR, It defines the battery cost
of a link as “the fraction of the residual battery energy of the two nodes of the link which is consumed to
forward the packet”. To formulate the link weight in RMCER, let Cu be the remaining battery energy of u and
Cv be the remaining battery energy of v. The energy consumed by u to deliver a packet to v is defined by
au,v(Ld), and the energy consumed by v for receiving the packet is defined by bu,v(Ld).
Eu,v(Ld)= Au,v(Ld)+ Bu,v(Ld)

(1)

2.8 Modules Explanation
•

Initializing the timer and the list

•

Insert the values into the list

•

Checking that values into the route discovery

•

Energy calculation and path formation

•

Energy loss

•

Energy conserve using alternate path

2.8.1 Initializing the timer and list
First enable the timer and the list for the route discovery process. The list is enabled to store the various
information about the nodes and packets.
2.8.2 Insert the values into the list
After initializing the list it store the various information about nodes and paths like source id, destination id,
packet number, sequence number, hop count and the residual energy.

2.8.3 Checking that values and route discovery
The values which are stored in the list we have to check them and compare them to find a better path for data
transmission. Whenever a node is trying to send a data it initially sends a request message i.e., RREQ in this it
include some information like packet type, source id, destination id, sequence number .Based on this
information the intermediate nodes check the destination id ,if it matches it will check about the source
information if it is already available it will checks which is the better path based on the hop count and residual
energy if it found new path is the better one it will generate route reply and send that in that path otherwise it
will stick to old path. If the destination id is not matched means it will store that information in that list and
forwards to its neighbors for the next process.
2.8.4 Energy calculation and path formation
Generally for the efficient data transmission, power of the nodes is very important. First calculate the power of
the nodes and then make the transmission from source to destination. According to the power of nodes data
transmission will occur.
C[P(n1,nh+1))] =∑[Rni(Ld)eni,ni+1(Ld)]

(2)

In which eni,ni+1(Ld) is the energy cost of (ni,ni+1) for packets of length Ld
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2.8.5 Energy loss
Ad Hoc on Demand Distance Vector (AODV) The Ad hoc on-demand distance-vector (AODV) routing
protocol is an on-demand routing protocol; all routes are discovered only when needed, and are maintained only
as long as they are being used.
2.8.6 Energy conserves using alternate path
In energy conserves using alternate path, node choose alternate path for efficient transmission. The energy of
each and every node is calculated. The sender knows when the energy of the nodes will be dry. If the energy of
the nodes going to be low, the sender chooses the alternate path. The data is transmitted by the alternate path to
the receiver. It will overcome the energy dry of the nodes and energy efficient reliable routing will occur. The
energy will be conserved and lifetime of the network increases.

III.SIMULATION RESULTS
3.1 Energy calculation and path formation

Figure3.1 Energy calculation and path formation
Generally for the efficient data transmission, power of the nodes is very important. First calculate the power of
the nodes and then make the transmission from source to destination. According to the power of nodes data
transmission will occur as shown in figure 3.1.
3.2 Energy loss
The ad hoc on-demand distance-vector (AODV) routing protocol is an on-demand routing protocol. In this, all
routes are discovered only when needed, and are maintained only as long as they are being used. To transmit the
data in reliable paths, the node needs some energy. If the energy of the node is dry, the data loss will occur in
the particular nodes. After the node fails, it will discover another path then transmits the packets to the
destination it will degrade the network as shown in figure 3.2
The green color indicates the energy of the node is full.
The yellow color indicates the energy of the node is medium.
The red color indicates the energy of the nodes is empty.
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Figure 3.2 Energy Loss
3.3 Energy conserves using alternate path

Figure3.3 Energy conserves using alternate path
In energy conserves using alternate path, node choose alternate path for efficient transmission. The energy of
each and every node is calculated. The sender knows when the energy of the nodes will be dry. If the energy of
the nodes going to be low, the sender chooses the alternate path. The data is transmitted by the alternate path to
the receiver. It will overcome the energy dry of the nodes and energy efficient reliable routing will occur as
shown in figure 5.3.The energy will be conserved and lifetime of the network increases.
The green color indicates the energy of the node is full.
The yellow color indicates the energy of the node is medium.
The red color indicates the energy of the nodes is empty.

IV. CONCLUSION
Proposed Energy efficient routing protocol for wireless ADHOC network invokes the residual energy and hop
count as parameters. In the routing process path with largest minimum residual energy and least hop count is
chosen. Transmission power of the node is adjusted according to neighbor’s range of the node. Proposed Energy
efficient routing protocol AODV using alternate path is compared with the existing protocols. Proposed protocol
achieves the higher energy consumption. This improves the lifetime of the nodes in the network. Quality of
Service of the communication network is also improved by achieving the lesser end-to-end delay. Thus
proposed routing protocol provides better lifetime and Quality of Service.
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V FUTURE WORK
In the future enhancement, it should be implemented in cognitive radio network and observe the energy
consumption of the nodes. It also implements efficiency and reliability of the network.
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ABSTRACT
PANI / MgCrO4 composites were synthesized using in situ polymerization of polyaniline in presence of
magnesium chromate. The composites were synthesized with various compositions viz., 10, 20, 30, 40 and 50 wt.
% of MgCrO4 in PANI. The synthesized composites were characterized by FTIR, in order to confirm the
presence of MgCrO4 in the polymer matrix. The surface morphologies of these composites were analyzed using
SEM, the images show that MgCrO4 particles embedded in PANI Chain to form multiple phases. AC
conductivity & dielectric behaviour of PANI/MgCrO4 composites were investigated in the frequency range 10
Hz to 5 MHz. It was found that the AC conductivity obeyed the power law index and exhibits nearly a Debyetype single relaxation. The composites show a distribution of relaxation time, where the conductivity increases
with increase in frequency. Also, the dielectric constant and dielectric loss were found to decrease with increase
in frequency. Variations in various parameters as a response to AC with increase in frequency follow the
regular trends.

Keywords: Secur AC Conductivity, Dielectric Behaviour, Dielectric Loss, Magnesium Chromate,
Polyaniline
I. INTRODUCTION
Interest on conducting polymer composites has never come down since 1980's to this day because of their
unique electrical properties and for their vivid applications. Among the family of conducting polymers
polyaniline (PANI) has drawn greater attention due to its' high electrical conductivity, rich chemistry and
attractive processing properties [1-3]. PANI composites with metals, metalloids and nonmetals were studied and
recorded a considerable progress [4]. Polyaniline composites with inorganic materials like BaTiO3, V2O5, TiO2,
ZrO2, CdO, molybdenum trisulphide, ZnWO4, NaVO3, ZnFe2O4 and other inorganic salts were investigated for
their conducting properties [5-14].
Inorganic composites of PANI have been studied for applications as electro-rheological fluids and in high
density information storage devices [15-16]. Multi-wall carbon nanotubes /polyaniline composite based paints
proved to be corrosion resistive on low carbon steel [17]. Apart from their conventional applications in solar
cells, light weight batteries, LEDs, polymer actuators, sensors and other molecular electronic devices, graphene
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based PANI composites are extensively tested for their trustworthy applications in super capacitors in the recent
days [18-23]. PANI-coated sulphur/carbon composites demonstrated for their high rate capability of cathodic
material in lithium/sulphur batteries [24]. Ultra high strength supercapacitors and desalination devices were
devised using CNT-PANI composites [25].
Conducting polymers have found their profound applications even in the field of biotechnology, food and
agricultural products processing, medicine and health care. Various kinds of biosensors based on PANI
composites have been fabricated for different specific uses [26]. Electropolymerised PANI-Ag nanocomposites
were used to measure total cholesterol based on their impedance spectroscopy [27]. Electrochemical
immunosensor based on PANI-graphene composites was found to be an innovative application in the medical
field [28].
Now in this present paper, we are reporting the ac conductivity, SEM, FTIR characterization and dielectric
properties of PANI/MgCrO4 composites. In the literature though the dc conductivity, humidity and gas sensing
properties of the composites were reported [29-30], we felt that it would be interesting to study the ac
conductivity and the corresponding dielectric behaviour of the aforementioned composites.

II. EXPERIMENTAL
Aniline and magnesium chromate (MgCrO4) in the weight percent of 10 wt %, is dissolved in hydrochloric acid
and the solution is stirred vigorously in order to keep the magnesium chromate suspended in the solution. To
this reaction mixture, the oxidant ammonium persulphate [(NH4)2S2O8] is added slowly with continuous stirring
for 4 – 6 hours at 0 – 5 0 C to polymerize the composite. The precipitated powder recovered and vacuum filtered,
and then washed with deionized water. Finally the resultant precipitate was dried in an oven for 24 hours to
achieve a constant weight. In this way 20, 30, 40 and 50 wt % of MgCrO4 in polyaniline have been synthesized
as reported [29-30].
Using UTM – 40 (40 Ton Universal testing machine) the pellets of 10 mm diameter are formed with thickness
varying up to 2 mm by applying pressure of 10 Tons. The pellets are coated with silver paste on either side of
the surface for ac conductivity measurements. FTIR spectra of these composites were recorded using Perkin –
Elmer 1600 spectrophotometer in KBr medium. The SEM has been carried out on Phillips XL 30 ESEM to
confirm the formation of composites. The frequency dependent AC conductivity of polyaniline / MgCrO4
composites are studied in the frequency range 50 Hz to 5 MHz at room temperature Using Hioki impedance
analyzer, model 3532-50 (JAPAN) programmable LCR meter, . In this permissible frequency range of 50 Hz to
5 MHz of the LCR meter in ‘Slow 2 mode’ was selected for higher accuracy of measurements. Five different
samples of each composite varying in their weight percentage are investigated for ac conductivity studies.

III. RESULTS AND DISCUSSIONS
An FTIR spectrum of polyaniline/MgcrO4 where the transmittance is plotted against the wave number (cm-1) is
as shown in Fig.1. In the FTIR spectrum the presence of intensity peaks 3424 cm–1 for N-H Stretching, 2931
cm–1 for C-H Stretching, 1291 cm–1 for C-N Stretching + C-H bending, 1234 cm–1 for C-N Stretching + C-C
Stretching, 796 cm–1 for deformational C-H (out of plane) of 1-4 di-substituted aromatic ring (Benzenoid). The
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spectra also show the intense bands at 1564 cm-1, 1486 may be attributed to Quinoid and Benzenoid rings
respectively and 794 cm-1 for metal oxygen stretching confirms the presence of MgCrO4 in the polymer matrix
[31-32]. This characterization confirms that the formation of polymer and composites with MgCrO4.

Fig. 1: FTIR spectra of PANI / MgCrO4 (with 50 wt % of MgCrO4 in PANI) composite
Fig. 2 shows SEM image (scanning electron micrograph) of Polyaniline / MgCrO4 composite (50 wt % of
MgCrO4 in polyaniline). High magnification SEM image (at 10 kV, X 5k at 10 µm) of PANI / MgCrO4 shows
the presence of MgCrO4 particles distributed throughout the PANI matrix. The presence of capillary pores
within the composite sample and also the branched morphology is observed within the composite. The contrast
in the image is due to the differences in scattering of electrons from different surface areas as a result of
geometrical differences between polyaniline and MgCrO4 [29-30].

Fig. 2: SEM image of PANI / MgCrO4 (with 50 wt % of MgCrO4 in PANI) composite.
Ac conductivity (σac), dielectric constant (ε΄) and dielectric loss (tan δ) parameters have been calculated using
the values of equivalent parallel capacitance (Cp), dissipation factor (D), phase angle (δ) and parallel equivalent
resistance (Rp) that are recorded by the LCR meter at selected frequency range (f). Fig. 3 shows the variation of
ac conductivity as a function of frequency for different wt % of polyaniline / MgCrO4 composites.
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Fig. 3: Variation of σac as a function of frequency for PANI composites with 10, 20, 30, 40 & 50
wt % of MgCrO4
It is observed that, σac remains constant in the range of frequency 50 Hz – 5 MHz for 20, 40 and 50 wt % of
MgCrO4 in polyaniline. In case of composites with 30 wt % ac conductivity remains constant up to 400 kHz and
increases from 400 kHz to 5 MHz, but for 10 wt % overall ac conductivity increases. The anomaly in the
conductivity behavior of these composites may be due to the variation in the distribution of MgCrO4 in
polyaniline.
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Fig. 4: Variation of σac verses wt % of MgCrO4 in PANI
Fig. 4 shows the variation of σac as a function of wt% of MgCrO4 in polyaniline at three different frequencies
(10, 100 and 1000 kHz) at room temperature. It is observed that, the ac conductivity of 20, 40 and 50 wt % of
MgCrO4 in polyaniline, approximately remains constant for the frequencies 10 and 100 kHz. Increase in
conductivity is observed for 1000 kHz for all wt% PANI/ MgCrO4 composites in general. But, we recorded
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comparatively a very high conductivity for 10 and 30 wt % composites. A rapid increase in ac conductivity is
observed for 30 wt %. This may be due to the extended chain length of polyaniline which facilitate the hopping
of charge carriers when the content of MgCrO4 is up to 30 %. The decrease in ac conductivity for all other wt %
namely (20, 40 and 50) may be attributed due to the trapping of charge carrier hop between localized sites of
charges.
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Fig. 5: Variation of ε’ as a function of frequency for PANI composites with 10, 20, 30, 40 & 50
wt % of MgCrO4
Fig. 5 shows the variation of dielectric constant ε' as a function of frequency f for different wt% of polyaniline /
MgCrO4 composites. In all the cases except for 20wt % it is observed that, the dielectric constant is relatively
high at low frequency and further it decreases with increase in applied frequency. For 10 and 30 wt% dielectric
constant is quite high at low frequency and decreases linearly up to 1 kHz with increase in frequency. The
observed behavior may be due to Debye like relaxation mechanism which is taking place in these materials.
3.5x104

10 kHz
100 kHz
1000 kHz

3.0x104
2.5x104

ε'

2.0x104
1.5x104
1.0x104
5.0x103
0.0
10

20

30

40

50

wt % of MgCrO4 in PANI

Fig. 6: Variation of ε’ verses wt % of MgCrO4 in PANI
Fig. 6 represents the variation of ε' as a function of wt% of MgCrO4 at room temperature and at three different
frequencies. It is observed that the values of dielectric constant decreases for 20, 40 and 50 wt% and increases
for 10 and 30 wt%. All these results go in accordance with the conductivity behavior.
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Fig. 7: Variation of tan δ as a function of frequency for PANI composites with 10, 20, 30, 40 &
50 wt % of MgCrO4
The variation of dielectric loss as a function of frequency for different wt% of polyaniline / MgCrO4 composites
is represented in Fig. 7. There is a maximum dielectric loss for 10 wt% and follows the same trend as that of
pure polyaniline. For other wt% namely (20, 30, 40 and 50) there is a minimum dielectric loss. At higher
frequencies these composites exhibit almost zero dielectric loss which suggests that these composites are
lossless materials at frequencies beyond 20 kHz.
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Fig. 8: Variation of tan δ verses wt % of MgCrO4 in PANI
Fig. 8 shows the variation of tanδ as a function of wt% of MgCrO4 in polyaniline at room temperature and at
three different frequencies. It is seen that the dielectric loss tanδ continuously decreases up to 50 wt%. The
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observed behavior is in accordance with the conductivity and dielectric constant results in these composites. In
view of the wide range applications of MgCrO4 composites as catalyst, solid electrolyte for battery and
capacitors, tunable mesoporous host for intercalates with exciting properties, gas sensing, absorption, etc., its
composites with PANI can be tested for some of these applications with the added advantages of flexibility.
While this composite shows nearly a Debye-type single relaxation, the composites show a distribution of
relaxation time. Interestingly, the variation in electrical response with an increase in the content of MgCrO4
composite is similar to those observed with decreasing temperature or doping level [33].

IV. CONCLUSIONS
AC conductivity and dielectric behavior of polyaniline / magnesium chromate (PANI / MgCrO4) composites
have been presented in this communication. These are synthesized by the ‘in situ’ polymerization. The novelty
of the process lies in the direct synthesis of emeraldine phase of the polymer composites. The formation of
composite with mixed phases of polymer and MgCrO4 is confirmed from the FTIR spectroscopic technique by
the presence of metal oxygen stretching frequency. The SEM images suggest that the homogeneous distribution
of MgCrO4 in PANI along with capillary pores and as wt% of MgCrO4 in PANI increases the crystalline
domains also increases. The AC conductivity of these composites will obey the power law well above the
critical frequency. When the conformational charges in PANI decrease, the AC conductivity will increase with
frequency and increase in the disorder of the composite will increase the conductivity of 10 and 30 wt% of
MgCrO4 in PANI. The dielectric behaviour of PANI / MgCrO4 shows nearly a Debye-type relaxation, because
of this, there is a decrease in the dielectric constant with increase in frequency. The dielectric loss of these
composites suggests that as wt% of MgCrO4 in PANI increases the dielectric loss decreases. From the observed
ac conductivity properties of these composites (PANI / MgCrO4), it suggests that one of these composites may
be tested for some of the applications such as capacitor, due to decrease in the dielectric loss, gas sensing,
humidity sensing, absorption, etc., due to the presence of capillary pores, which are the added advantages of
these composites.
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