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An Empirical Investigation of Assembly Line Balancing 
Techniques and Optimized Implementation Approach for 
Efficiency Improvements    

By  Dalgobind Mahto, Anjani Kumar 
Green Hills Engineering College, Solan  

Abstract - The concept of mass production essentially involves the assembly of identical or 
interchangeable parts of components into the final product at different stages and workstations. 
The relative advantages and disadvantages of mass or flow production are a matter of concern 
for any mass production industry. How to design an assembly line starting from the work 
breakdown structure to the final grouping of tasks at work stations has been discussed in this 
paper using two commonly used procedures namely the Kilbridge-Wester Heuristic approach 
and the Helgeson-Birnie Approach. Line Balancing (LB) is a classic, well-researched Operations 
Research (OR) optimization problem of significant industrial importance. The specific objectives 
of this paper is to optimize crew size, system utilization, the probability of jobs being completed 
within a certain time frame and system design costs. These objectives are addressed 
simultaneously, and the results obtained are compared with those of single-objective 
approaches. 

Keywords  :  Line Balancing, Kilbridge-Wester Heuristic Approach, Helgeson-Birnie Approach, 
Optimization. 
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An Empirical Investigation of Assembly Line 
Balancing Techniques and Optimized 

Implementation Approach for Efficiency 
Improvements 

Dalgobind Mahto α, Anjani Kumar σ 

Abstract - The concept of mass production essentially involves 
the assembly of identical or interchangeable parts of 
components into the final product at different stages and 
workstations. The relative advantages and disadvantages of 
mass or flow production are a matter of concern for any mass 
production industry. How to design an assembly line starting 
from the work breakdown structure to the final grouping of 
tasks at work stations has been discussed in this paper using 
two commonly used procedures namely the Kilbridge-Wester 
Heuristic approach and the Helgeson-Birnie Approach. Line 
Balancing (LB) is a classic, well-researched Operations 
Research (OR) optimization problem of significant industrial 
importance. The specific objectives of this paper is to optimize 
crew size, system utilization, the probability of jobs being 
completed within a certain time frame and system design 
costs. These objectives are addressed simultaneously, and 
the results obtained are compared with those of single-
objective approaches. 
Keywords : Line Balancing, Kilbridge-Wester Heuristic 
Approach, Helgeson-Birnie Approach, Optimization. 

I. Introduction 

ecently some of the most successful business 
corporations seem to have hit upon an incredible 
solution: Line Balancing. Line Balancing is a 

classic Operations Research optimization technique 
which has significant industrial importance in lean 
system. The concept of mass production essentially 
involves the Line Balancing in assembly of identical or 
interchangeable parts or components into the final 
product in various stages at different workstations. With 
the improvement in knowledge, the refinement in the 
application of line balancing procedure is also a must.   

This reproof gives the methodology of 
application of line balancing in an ABC company, where 
four areas were selected as a sampling to study and 
implement line balancing. The four areas are Feeder 
frame assembly, Base frame assembly, Revolving 
vibratory feeder, and Gear housing. The characteristics 
of   the   relevant   departments  of  ABC  Company  are 
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studied and with the purpose of reducing assembly time 
and hence cost, this assignment has been undertaken. 
The assembly machines are selected and then the 
layout of the selected facilities has been performed. 
Task allocation of each worker was achieved by 
assembly line balancing to increase an assembly 
efficiency and productivity.

 II.

 

Formulation of Assembly Line-
Balancing Problem

 The Assembly line balancing is generally a 
problem of minimizing the total amount of idle time or 
equivalently minimizing the no of operators to do given 
amount of work at a given assembly line speed. This is 
also known as minimizing balance delay. Balance delay 
is defined as the amount of idle time for the entire 
assembly line as a fraction of total working time resulting 
from unequal task time assigned to the various stations.

 
Mathematically, this objective can be stated as follows:

 
min∑

=

R

J
Wj

1

Subject to tj ≤

 

C wj
 

for j = 1..…R 

  

(1)

 
Where, 

 
•

 

R is the number of work centers,

 
•

 

W is the (integer-adjusted) number of required 
workers in work centre j, 

 
•

 

t j

 

is the estimated time required to complete the 
tasks in work centre j, and 

 
•

 

C is the pre specified cycle time. 

 
In short, with the traditional assembly line-

balancing problem, it is desirable

 

to place minimum 
number of workers, as far as possible, to each work 
centers, at the same time one should also adhere to the 
policy that no worker is ‘overloaded’. 

 III.

 

Or Characterization of Line 
Balancing

 

R 

G
lo
ba

l 
Jo

ur
na

l 
of
 R

es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
    
 

V
ol
um

e 
 X

II
  

Is
su

e 
vvvvII
I 
 V

er
si
on

 I
 

  
  
  

  
  

  
  

  
  

1

( A
)

© 2012 Global Journals Inc.  (US)

20
12

  J u
ne

The OR definition of the line balancing problem 
was christened by Becker and Scholl [2,3] as SALBP, 
which stands for Simple Assembly Line Balancing 



Problem. SALBP is defined as follows, “Given a set of 
tasks of various durations, a set of precedence 
constraints among the tasks, and a set of workstations, 
assigns each task to exactly one workstation in such a 
way that no precedence constraint is violated and the 
assignment is optimal”. The optimality criterion gives 
rise to two variants of the problem: either a cycle time is 
given that cannot be exceeded by the sum of durations 
of all tasks assigned to any workstation and the number 
of workstations is to be minimized, or the number of 
workstations is fixed and the line cycle time, equal to the 
largest sum of durations of task assigned to a 
workstation, is to be minimized. Becker and Scholl [2, 3] 
define many extensions to SALBP. One of the 
extensions is GALBP, which stands for Generalized 
Assembly Line Balancing Problem. Each of the 
extensions reported in their authoritative survey aims to 
handle an additional difficulty present in real-world line 
balancing. The real-world line balancing, as faced in 
particular by the automotive industry, requires tackling 
many of those generalizations, simultaneously.

 

IV.

 

Aims and Objectives of the Present 
Study

 

The aims and objectives of the present study 
are as follows

 

•

 

To minimize the total amount of idle time and 
equivalently minimizing the number of operators 
to do a given amount of work at a given assembly 
line speed

 

•

 

To optimize the production functions through 
construction of mix form of automation assembly 
and manual assembly.

 

•

 

To classify the whole assembly process into each 
unit and decide the automation possibility of each 
process, and if, automation assembly is not 
possible, decide criteria for manual assembly. 

 

•

 

To determine machinery and equipment 
according to assembly mechanism. 

 
V.

 

Literature Review

 
According to Becker and Scholl [1,2] and Scholl 

and Becker [3] the earliest forms of the presented 
problem, along with the more modern research efforts, 
have typically concentrated on the minimization of 
workers needed to staff a line while adhering to task 
precedence and cycle time restrictions. In short, with the 
traditional assembly line-balancing problem, it is 
desirable to place workers in work centres in such a way 
that as few workers as possible as used, while 
simultaneously adhering to the policy that no single 
worker can be ‘overloaded’. Askin and Zhou [4] have 
explained that with line balancing the objectives of 
system utilization could be met. Gocken and Erel [5,6] 
expressed the similar views. Vilarinho and 

Simaria[7]gave the mathematical solution about the 
probability of jobs being completed within a desired 
time frame. Merengo et al [8], have addressed the issue 
of system design cost. Askin and Zhou [4], Rekiek et al. 
[9], Bukchin and Rubinovitz [10] and Ponnambalam et 
al. [11], have proposed and concluded that evenness of 
workload assignments is pre requisite for line balancing. 
Either a cycle time is given that cannot be exceeded by 
the sum of durations of all tasks assigned to any 
workstation and the number of workstations is to be 
minimized or the number of workstations is fixed. The 
line cycle time, equal to the largest sum of durations of 
task assigned to a workstation, is to be minimized. 
Falkenauer and Delchambre [12], Salveson [13] 
provided the first mathematical attempt by solving the 
problem as a linear program. 

 

It has been seen from the literatures [14] that 
assembly line balancing problem is generally minimizing 
the total amount of idle time or equivalently minimizing 
the number of operators to do a given amount of work at 
a given assembly line speed. This is known as 
minimizing the balance delay. One very compelling 
reason why few researchers have addressed the 
multiple objectives of the assembly line-balancing 
problem simultaneously is because the job is very 
difficult. Past research by McMullen and Frazier[14]  has 
indicated that many of these important objectives are in 
conflict with each other. According to them, these 
objectives are directly opposed to each other. They 
further emphasized that when a solution is obtained 
requiring a relatively large number of workers, there is a 
high probability that these jobs will be assembled within 
a certain period. The Line balancing problem can be 
gauged with the help

 

of data like line efficiency, Balance 
delay and smoothness index.  

 

Kirkpatrick et al.[15], Glover[16], Goldberg [17], 
Dorigo and Gambardella [18] have mentioned that 
construction of the efficient frontier for a problem cannot 
be obtained by direct application of a simple rule . Even 
though the assembly line balancing problem has 
received significant attention over its lifetime, many 
companies still do not utilize the methods proposed in 
the literature. This fact can be seen in a survey 
conducted by Chase [19]. His survey showed that 
roughly only 5% of companies with production lines 
utilize traditional line balancing techniques to balance 
their assembly lines. A more recent article by Milas[20] 
showed that this trend is still valid in today’s 
manufacturing

 

environment. Milas further stated that 
most companies perform their line balancing based on 
historical precedent or the ‘gut feel’ of their engineers. 
Tsujimura, et al [21] presented solutions for assembly-
line balancing problem with genetic algorithms. 

An Empirical Investigation of Assembly Line Balancing Techniques and Optimized Implementation Approach 
for Efficiency Improvements
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Similarly, Gen et al 22have presented their work in 
assembly line balancing using genetic algorithm.  

The important conclusions witnessed from the 
literature reviews [1 – 22] on Line balancing are to 



 

 

minimize time of worker's movement and assembly. It 
has been recommended that it ensure balanced 
allocation of assembly work to each worker by realizing 
assembly line balancing after deciding the number of 
workers who can produce the target yield.

  

VI.

 

Optimization Criteria in Line 
Balancing

 

The following terms are

 

very much associated 
with Kilbridge-Wester Heuristic approach and the 
Helgeson-Birnie Approach. 

 

a)

 

Line efficiency (LE) 

 

This is the ratio of total station time to the 
product of the cycle time and the no of workstations. We 
can express this as 

 

LE = [{∑
=

K

I
STi

1

 

/ (K) x (CT)} x 100 %]         

 

(2)

 

Where, 

 

STi= Station time of station I, K= Total No of 
work stations and CT

 

= Cycle time

 

b)

 

Balance delay (BD) 

 

This is the measure of line inefficiency and the 
total idle time of all stations as a percentage of total 
available working time of all stations 

 

Thus,

 

  BD= [{(K) x (CT) -

 

(∑
=

K

I
STi

1

)}/ {(K) x (CT)} x 100 %]                                                                                       
(3)

 
Where, 

 

STi

 

= Station time of station i , K = Total No of 
work stations and CT

 

= Cycle time

 
c)

 

Smoothness index (SI)

 

This is an index to indicate the relative 
smoothness of a given assembly line balance. A 
smoothness index of 0 indicates a perfect balance. This 
can be expressed as:

 SI   = 2

1
)max(∑

=

−
K

i
STiST              (4)

 
Where, 

 

STmax

 

=Maximum Station time, STi

 

= Station 
time of station I, K  = Total No of work stations

 
d)

 

Limitations

 

It may be noted that in designing an assembly 
line the no of work stations, K

 

cannot exceed the total 
no of work elements, N

 

( in fact K

 

is an integer such that 
1≤

 

K ≤

 

N. Also the cycle time is greater than or equal to 
the maximum time of any work element and less than 
the total of all work element times, that is 

 

T max

 

≤

 

CT ≤

 

∑
=

N

I
Ti

1

                   

 

(5)

  Where, 

  

T max 

 

= Maximum work element time 

 

Ti

  

= the time for work element i

 

N   

 

= Total No of work elements

 
 

CT

  

= Cycle time

 

e)

 

Line Balancing Methodologies 

 

Many scholars argue that while doing line 
balancing one must consider the complex social 
problems with the fear that this will create social 
problem. This is being discussed with this tool because 
it aims to minimize manpower. The frequently used line 
balancing problems are two types namely, Assembly 
line balancing and Fabrication line balancing: The 
Assembly line balancing refers to the type of operation 
taking place on the line to be balanced on the other 
hand Fabrication line balancing refers a production line 
made up of operations that form or change the physical 
or sometimes, chemical characteristics of the product 
involved. The term assembly line indicates a production 
line made of purely assembly operations. Machining or 
heat treatment would fall into operations of Fabrication 
line balancing. In this research the two line Balancing 
methods are studied

 

•

 

Kilbridge-WesterHeuristic approach, and 

 

•

 

Helgeson-Birnie Approach

 

i.

 

Kilbridge-Wester heuristic approach 

 

The procedures proposed by Kilbridge and 
Wester numbers are assigned to each operation 
describing how many predecessors it has. Operations 
with the lowest predecessors are assigned first to the 
workstations. The procedure consists of the following 
steps

 

•

 

Construct the precedence diagram for the work 
elements

 

•

 

Select a feasible cycle time

 

•

 

Assign work elements to the station so that the 
sum of

 

elemental time does no exceed the cycle 
time (Step 3)

 

•

 

Delete the assigned elements from the total no of 
work elements and repeat the step 3

 

•

 

If the station time exceeds the cycle time due to 
the inclusion of a certain work elements this work 
element should

 

be assigned to the next station

 

•

 

Repeat step 3 to 5 untill all elements are assigned 
to workstations
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ii. Helgeson-Birnie approach
The procedure proposed by Helgeson and 

Birnie is based on the ranked positional weight 
technique having the following steps
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•

 

Construct the precedence diagram for the work 
elements

 

•

 

Determine the positional weight for each work 
elements

 

•

 

Rank the work elements based on the positional 
weight in step 2. The work element with highest 
positional weight is ranked first

 

•

 

Proceed to assign work elements to the 
workstations where elements of the highest 
positional weight and rank are assigned first.

 

•

 

If at any work station additional time remains after 
assignment of an operation, assign the 
succeeding ranked operation to the work station, 
as long as the operation does not violate the 
precedence relationship diagram and the station 
time does not exceeds the cycle time 

 

•

 

Repeat step 4 and 5 untill all elements are 
assigned to workstations

 

VII.

 

Combination of Process for Line 
Optimization and its Constraints

 

a)

 

Re-balancing constraints

  

Many of the OR approaches implicitly assume 
that the problem to be solved involves a new, yet-to-be-
built assembly line, possibly housed in a new, yet-to-be-
built factory. The vast majority of real-world line 
balancing tasks involve existing lines, housed in existing 
factories –

 

in fact, the target line typically needs to be 
rebalanced rather than balanced, the need arising from 
changes in the product or the mix of models being 
assembled in the line, the assembly technology, the 
available workforce, or the production targets. 

 

b)

 

Workstations identities 

 

As pointed out above, the vast majority of real-
world lines balancing tasks involve existing lines housed 
in existing factories. In practice, this seemingly 
“uninteresting” observation has one far-reaching 
consequence, namely that each workstation in the line 
does have its own identity. 

 

c)

 

Unmovable operations and zoning constraints 

 

The need to identify workstations by their 
position along the line (rather than solely by the set of 
operations that would be carried out there) is illustrated 
by the typical need of line managers to define 
unmovable operations and zoning constraints. 

 

d)

 

Elimination of workstations 

 

Since workstations do have their identity (as 
observed above), it becomes obvious that a real-world 
LB tool cannot aim at eliminating workstations. Indeed, 
unless the eliminated workstations were all in the front of 
the line or its tail, their elimination would create gaping 
holes in the line, by virtue of the other workstations’ 

retaining of their identities, including their geographical 
positions in the workshop. 

 

e)

 

Need to match loads and time

 

Since eliminating workstations cannot be the 
aim of the optimization of the line, as pointed out above, 
it is the equalization or smoothing (indeed “balancing”) 
of the workload and time among workstations that 
should be the practical aim of LB. It is worth noting that 
the classic objective of minimization of the cycle time, 
i.e. minimization of the maximum lead-time over all 
workstations, is not

 

necessarily the same objective as 
load equalization. The important practical point to be 
made here is that the line’s cycle time is almost always 
given by the company’s marketing that sets production 
targets. The maximum cycle time set by marketing 
cannot

 

of course be exceeded by the line, but it is 
typically useless to reduce the line’s cycle time below 
that value. 

 

f)

 

Many operators 

 

In many industries, in particular automotive, the 
product being assembled is sufficiently voluminous to 
allow several operators to work on the product at the 
same time. Since that possibility does exist, not 
exploiting it would lead to unnecessarily long assembly 
lead times, implying a reduced productivity. Once a 
workstation features more than one operator, the 
workstation’s lead time ceases to be a simple sum of 
durations of all operations assigned to it. First of all, the 
workstation as a whole will need the time equal to the 
lead-time of its “slowest” operator.

 

g)

 

Multi-operator operations 

 

Assembly of large products such as cars 
sometimes requires the collaboration of several 
operators to carry out an operation. It is therefore 
desirable to make that operator carry out other 
operations as well. That, however, significantly 
complicates the scheduling of operations within the 
workstation: all the operators in the workstation must be 
kept as busy as possible, must execute the operations 
in compliance with the precedence constraints, and 
must be made available at the same time to carry out 
multi-operator operations. 

 

h)

 

Ergonomic constraints (operator position) 

 

A major difficulty in assembly of large products 
is that they are too bulky to be moved (elevated, rotated) 
easily. In other situations, the working position is 
imposed from the outset. These considerations give rise 
to Workstation-Level Ergonomic Constraints.
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VIII. Case Studies: Analysis of Assembly 
Object and Processes

There are 9 subassemblies in ABC Industry 
according to category of main parts. They are buckets, 
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housings, feeder frames, revolving frames, couplings, 
arms, booms and

 

gears. Feeder frame is an important 
prime complicated part and its subassembly is 
composed of base frame, tension holder, magnetic load 
cell, drive pulley, tail pulley, struts, guide chutes, guide 
covers, idlers, bearings, motors, gear drive, couplings, 
bolts and belt. Hence, the case study was selected to 
balance the assembly process as the misbalancing of 
production of this item effects the other activities. 

 

a)

 

Optimization methodology

 

To justify the improvement of productivity the 
ant optimization methodology has been created. The 
following parameters and variables have been 
considered, which are presented with their notations as 
under.

 

Parameters:

 

n 

 

=  Total number of tasks

 

*
it

 

= 

 

Expected duration of tasks i

  

*
iσ

 

= 

 

Estimated standard deviation of tasks i

 

C

 

=   Pre-specified cycle time

 

hα

  

= 

 

Multipliers of objective function (h = 1, …, 4)

 

α

  

= 

 

Work center creation factor

 

(0 <α < 1)

 

Variables:

 

L = List of tasks for assignment into work centers

 

nj

 

= number of tasks in work center j

 

R = total number of work canters from the solution

 

tj 

 

= expected duration of all tasks in work center j

 

σ

 

j 

 

= estimated standard deviation of work center j  

 

jω

 

= workers required in work center j

 

Wj

 

= integer-adjusted workers required in work 
center j

 

pj

  

= probability of on-time completion in work center 
j

 

uj

 

= utilization of work center j

 

metrici

 

=evaluation metric associated with task i

 

phi

 

= pheromone associated with task i

 

M (i, gi)

 

= n by n linkage matrix to used to

 

detail the 
number of times task i is preceded by task gi.

 

b)

 

Selection of Tasks for Work Centers

 

All relevant entities in the above list are 
initialized to their appropriate values. Before actually 
selecting a task for membership in the current (non-
empty) work center, a decision must be made whether 
or not to create a new work center. This is done via the 
following relationship:

 

P (New work center) = 
jn

α
                 (6)

 

Where, j is the current work center. The above 
relationship guards against a very large number or a 
very small number of work centers, thereby guarding 
against high fixed costs (several machines) and high 
variable costs (several workers). When a new work 
center is opened, tj

 

and σ j

 

for new work center j

 

are 
initialized to zero.

 

c)

 

Task selection 

 

In the event of an empty work center, all relevant 
statistics are initialized to zero. For each task eligible for 
membership in L, the utilization and probability of on-
time completion are calculated to reflect work center 
utilization (uj)

 

and probability (pj)

 

if task i were to be 
added to the current work center j:

 

uj

 

= 
j

j

W
ω

                                   (7)

 

Where,  

 

jω

 

=
C
tit *)( +

,

   

for

  

i∈

 

L  and

  

Wj = 1 + int ( jω )

 

p i

 

= 1 dzz
y

)5.0exp(2 2∫∝ −π

 

             (8)

 

Where,                   

 

Y = {C (Wj - jω )} / σ j,    

 

                  (9)

 

and                           σ j = )( 2*2
ii σσ +                        (10)

 

Utilization (uj) is a representation of how ‘busy’ 
is work centre j, while probability (pj) is the work centre’s 
ability to finish its tasks within the cycle time. A busy 
system typically reflects a low probability of on-time 
completion, and vice versa. After determination of uj and 
pj, the following multiple-objective function value is 
determined:

 

metrici = a

 

1u

 

j +a2p

 

j+a3(u

 

jp

 

j)+a4u

 

j

 

(1-p

 

j)

 

     (11)

 

This value, metrici, is intended to show the 
relative desirability of adding task I to work centre j. It is 
desired to maximize this value. The first component of 
this measure provides the utilization contribution. The 
second component shows the probability of on-time 
completion contribution. The third component shows the 
contribution of a composite measure of uj and pj. The 
fourth component is included as a surrogate for system 
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design cost — a combination of personnel requirements 
and equipment requirements. McMullen and Frazier 
(1998) showed that high probabilities of on-time 
completion are directly related to large equipment 
needs, which is the reason for the (1-pj ) term. 
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d)

 

Determining line balance statistics and construct 
efficient frontier

 

The following is a list of definitions for entities 
associated with final assembly line-balancing solution:

 

W  = number of workers required for the solution,

 

U  = utilization of assembly line layout,

 

P  = probability of all work centres completing work 
on time,

 

Cost design cost of assembly line layout,

 

S [W] composite objective function value associated 
with W workers.

 

The number of workers required for the recently 
completed assembly line-balancing solution is as 
follows:

 

W=∑
=

R

J
Wj

1

                              (12)

 

The utilization associated with this solution is as 
follows:

 

U = cwtn

i i )(
1

*∑=
                   (13)

 

The probability of completing all tasks within cycle time 
is as follows:

 

P = 
R

j

Pj
1=

      

   

(14)

 

The design cost associated with the assembly line-
balancing solution is as follows:

 

Cost = 60000+2510∑
=

R

i
wn ij

1

      (15)

 

The design cost expressed above considers the 
total cost associated with both personnel and 

equipment needed to process jobs passing through the 
assembly line. The major assumptions of this model are 
that the annual labour cost for an employee is Rs 60000 
/year, and the annual cost for a piece of equipment is 
Rs2510/year. The labour cost can be modified to reflect 
the actual average cost of employees on the assembly 
line. In addition, equipment costs might vary according 
to the tasks performed, the age of the equipment, and 
which tasks are assigned to a particular workstation. 

 

With the individual assembly line-balancing 
statistics calculated, the objective measure of 
performance associated with W workers is as follows:

 

S [W]=a1U + a2P + a3UP + a4 {Cost –

 

Cost} / (Cost)    (16)         

 

The above function contains the ‘ah’ values as shown in 
equation (11), and these ah values are contained in the 
[0, 1] interval. Cost is the highest possible system 
design cost for the problem at hand. The above 
calculations represented by equations (12) -

 

(15) are 
performed each time an assembly line-balancing 
solution is completed. For each

 

solution, the largest 
value of S [W] is noted for each value of W. The steps 
above are repeated number of times —

 

a user-specified 
number of solutions. The S [W] values and the 
corresponding values of W then comprise the multiple-
objective efficient frontier.

 

IX.

 

Numerical Examples: Analysis of 
Assembly Processes

 

Assembly processes of ABC Industry are made 
up of a number of 27-unit processes like buckets, 
housings, feeder frames, revolving frames, couplings, 
arms, booms and gears etc. They can be combined into

 

of 15 processes like frame assembly, magnetic load cell 
assembly, pulley assembly, grease application, bolting 
of frames, magnetization of magnet and airtight test, etc. 
An assembly process of ABC Industry is given in Table 
1. 
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Table 1 : Assembly process of ABC industry

Sl No Assembly Process Time (Min) No of Manpower / 
Shift

1 Base Frame and Strut 20 2
2 Load Cell and Feeder Frame 12 3
3 Tension Holder and Feeder Frame 27 2
4 Plummer Block, Pulley and Bearing 

with O ring
35 2

5 Idlers and Bearings 25 1
6 Motor, Gear Box and Pulley coupling 55 3
7 Belt Vulcanizing with Feeder Frame 30 2
8 Fixing of Guide Chutes and Covers 20 2
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a)

 

Layout of assembly machinery equipment

 

The basic objective of machinery equipment 
and facility layout in assembly system is to improve 
assembly productivity. Its detail objectives shall be 
smooth inner transporting, efficient place utilization, safe 
location for the machinery and equipment, and creation 
of safe and ease inner circumstances for workers, 
etc.The information and data that are needed to plan 
and determine the placement of equipment are 
production capacity, forms of

 

production and 
processes, inner systems, amount of transporting, 
amount of work at each positions; and size and form of 
plants. There are several equipment layouts namely 
product layout (line layout), process layout, fixed 
position layout. In this research, the existing old product 
layout has been studied for the selected item of ABC 
Industry. The existing process layout is presented in Fig 
1. 

 

Work allocation to each worker in a shift has 
been studied, which was done on the basis of above 
existing product

 

layout and data has been 
collected.Then worker allocation has been changed 

from a shift into groups. The group-work allocation 
analysis has been tabulated in Table 2.

 

b)

 

Determination of Automation possibility of assembly 
process automation

 

According to geometrical characteristics of 
products and degree of complexity of assembly 
process, it can be determined whether the assembly 
processes has to be automated or not. Sometimes, 
manual assembly may be performed easily. There are 
some more factors or parameters,

 

i.e. production 
volume, cycle time, investment cost, etc., may also 
influence upon the decision of automatic or manual 
assembly as to its economic consideration. Secondly, 
Manual assembly is performed, if part characteristics 
are weak in transporting, arrangement, feeding, joining 
areas. In the present work, it was analyzed that whether 
assembly process can be automated or not. The 
processes that are determined by manual assembly are 
decided upon the method of transporting, arrangement, 
feeding and joining. 
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9 Checking Alignment 15 1
10 Magnetization of Load cell 8 1
11 Aging (Load test) 12 2
12 Air tight test 8 1
13 Painting 15 1
14 Sticker sticking 5 1
15 Packing 20 2

∑ 307 26

Fig.1 : Product layout of processes before line 
balancing 

Fig. 2 : Product layout of processes after line 
balancing 
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Table 2 :

 

Work allocation of each group

 

 

 

 

 

 

 

 

 

 

 

Table 3 :

 

Automation possibility of grease application
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Production Volume: 100 / Month, Item: Feeder Frame
Work
er

Seque
nce

Proce
ss

Time Distanc
e

Worke
r

Sequenc
e

Proces
s

Tim
e 

Dista
nce

Group 
A = 7

1 2 12 2.3 Group 
C = 5

1 6 55 0.9
2 3 27 1.5 2 7 20 1.2
3 4 35 1.2 3

Sum 74 5.0 Sum 75 2.1
Group 
B = 5

1 1 20 1.0 Group 
D = 9

1 8 20 3.7
2 5 25 0.7 2 11 12 0.7
3 9 16 0.7 3 12 8 0.6
4 10 10 1.0 4 13 15 1.2

Sum 71 0.8 5 14 5 0.5
4.2 1 15 20 2.5

Sum 80 9.5
Unit Time (Minutes) 

= 307
Distance (Meter)  

= 20.8
∑ Worker = 26

Determination of automation possibility of each area functional factor

Tr
an

sp
or

tin
g

Criteria Degree

A
rr

an
ge

m
en

t

Criteria Degree
T1 -2 A1 0
T2 -1 A2 -1
T3 -2 A3 -2
T4 -1 A4 -1

Sum -6 Sum -4

Fe
ed

in
g

Criteria Degree

Jo
in

in
g

Criteria Degree
F1 0 J1 +1
F2 -1 J2 -1
F3 -2 J3 +1
F4 -1 J4 -1

Sum -4 Sum 0
Total Point  = -14

Legend: -2 = Very difficult, -1 = Difficult, 0 = Same,  +1 = Easy, +2  = Very easy

c) Determination of assembly equipment
After determination of automation possibility of 

each assembly process; the method and machine of 
transporting, arrangement and feeding were 
determined. Assembly machines and equipments are 
determined on only process that is performed by 

automation assembly. Assembly machines equipment is 
determined by characteristics of process. Therefore, this 
research is consisted of two numbers assembly; 
Bearing Placing Machine, Motor Pulley Coupling Tester 
Machine.
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X.

 

Work Allocation According to New 
Process Layout and Selection of 

Equipment

 

Actually, as observed there are coexistence 
forms of different layout in ABC industry. The required 
space to assembly lines of ABC Industry is 5700mm x 
40000mm. In this space, it is impossible and inefficient 
that equipment like a straight line is determined. So, it 
has been chosen U-line like Fig.2 in order to efficient 
rationing and flexible production. The advantages of U-
line are to improve line balancing and work efficiency 
with minimum space size with a free movement of 

worker in a coexistence of manual and automation line. 
A U-

 

like shape platform was created for assembly, and 
an automatic hanging type Monorail system was erected 
for smooth advancing of the job with a provision of 
rotation of 3600. The monorail enabled the workers of 
Group B and C to assemble the components 
simultaneously after completion of the work of Group A. 
This reduces the idle time between B and C and 
ultimately the cost of adjoining group activities. The new 
process layout and selection of equipment were done in 
order to improve and optimize the line efficiency. The 
Table 4 represents the situations after line balancing 
study.

 
 

Table 4 :

 

Work allocation of each worker after re-layout of process
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Production Volume: 150 / Month, Item: feeder Frame
Work
er

Sequence Proces
s

Tim
e 

Distanc
e

Worke
r

Sequenc
e

Proces
s

Tim
e 

Dis
tan
ce

Grou
p A = 

6

1 2 10 1.5 Group 
C = 5

1 6 30
2 3 21 1.0 2 7 12
3 4 30 1.2 3 10 20 2

Sum 61 3.7 Sum 62
Grou
p B =

5

1 1 17 Group 
D = 5

1 7 15
2 5 17 2 11 12
3 9 12 3 12 8
4 8 10 4 13 10
5 11 8 5 14 5

Sum 64 2 1 15 15 2
Sum 65

Sum
mary

Time (Minutes) = 252 Distance 
(Meter) = 9.7

∑ Worker = 21

a) Comparison of status before and after Line 
Balancing

From the Table 2 and 4 it is evident that there 
are improvements in the assembly process. The cost is 

considered for 600 assemblies per annum. The cost has 
been calculated using Eqn. (15) and it has been 
tabulated in Table 5.

Table 5 : Comparison of before and after line balancing results

Sl 
No

Influencing 
factors

Before Line 
Balancing

After Line 
Balancing

Saving in 
Cost

% 
Saving

1 Time (min) 307 252 55 17.92
2 Distance 

(meter)
20.8 9.7 11.1 53.36

3 Worker 26 21 5
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b)

 

Case study 2: Improvement in line efficiency 

 

To study the line efficiency of link aggregate, the 
following points were taken into consideration. 

 

•

 

First, the item is regular and used in various 
models of Apron

 

•

 

The quantities required are huge and 

 

•

 

The Contribution to the revenue generation of this 
product is 21.2% of the monthly sales.

  

The product has to go through the primary 
operations in the sequence as Cutting, Grinding, Rolling, 
Bending, Drilling, Sub Assembly and Welding and 
Boring. The sequence of final operation is Assembly, 
Welding, Cleaning, and Painting. Based on the available 
data (Table 6) the numbers of predecessors for each 
work element has been determined. Assignment of work 
elements to different stations is given in Table 7 
following the Kilbridge –

 

Wester Method.

 
  

Table 6 :

 

Determination of number of predecessors for each work element in a feeder 
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Work element I Number of 
predecessors

Time duration of the 
element Ti (Hrs)

Remark

1 0 5
2 1 3
3 2 4
4 1 3
5 2 6
6 5 5
7 6 2
8 7 6
9 6 1

10 6 4
11 7 4
12 11 7

Table 7 : Assignment of work elements to stations ( Kilbridge – Wester Method), Cycle

Station Element I Ti  
(Hrs)

Station sum 
(Hrs)

Idle time 
(Hrs)

I 1
2

5
3

8 2

II 4
5

3
6

9 1

III 3
6

4
5

9 1

IV 7
9
10

2
1
4

7 3

V 8
11

6
4

10 0

VI 12 7 7 3
∑ 12 50 50 10

Time = 10 hrs
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Calculations:

 

The Line Efficiency (LE)

  

  = [{50 /

 

(6 x 10)} x 100 % ] 

 

= 83.3 % 

 

Balance Delay

  

  = (100% -

 

83.3%) 

  

= 16.7 %

 

Smoothness Index

  

  = 99114 ++++                   = 4.89

 
 

Improvement in Line Balancing

 

In the light of study the Table 7 shows the 
methodology of reassignments of work elements in 

order to reduce idle time and balance the production 
line 

 

 

Table 8 :

 

Reassignment of work elements to stations (Kilbridge –

 

Wester Method) for the improvement, cycle time 
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= 9 Hrs

Station Element I Ti  
(Hrs)

Station sum 
(Hrs)

Idle time 
(Hrs)

I 1
2

5
3

8 1

II 4
5

3
6

9 0

III 3
6

4
5

9 0

IV 7
8

2
6

8 1

V 8
11

4
4

8 1

VI 9
12

1
7

8 1

∑ 12 50 50 4

Using Eqn. 2 to 4,  The Line Efficiency (LE) = [{50 / (6 x 9)} x 100 %] = 92.6 %
Balance Delay = (100% - 92.6%) = 7.4 %
Smoothness Index  = 1111 +++        = 2

XI. Results and Discussion

The results on empirical investigation of 
assembly line balancing are presented in Table 9. It 
shows that there is considerable improvement in LB.  All 
the assembly items were regrouped into different 
stations and the above analysis were repeated. Then on 

the basis of the analysis it was decided as to how to put 
these items into different stations to have minimum 
optimal idle time, better line efficiency and minimum 
delay. The summary of improvements have been 
presented in Table 10.

Table 9 : Results on empirical investigation of assembly line balancing

Table Nos. Line 
Efficiency %

Balance 
Delay %

Smoothness 
Index

Average Cycle time 
Reduction (Min)

Table 7 83.3 16.7 4.89
Table 8 92.6 7.4 2 4.8

Difference % 9.3 9.3 2.89
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Sl 
No

Category of 
Assembly Items

Average Line 
Efficiency %

Average 
Smoothness Index 

Average Cycle 
Time (Hrs)

Before 
LB

After 
LB

Before 
LB

After 
LB

Before   
LB

After     
LB

1 Buckets 81.2 89.6 4.77 3.11 8 6.25
2 Housings 78.5 91.8 5.95 2.23 4 3.15
3 Feeder frames 83.7 92.4 4.52 3.1 6.3 5.4
4 Revolving 

Frames
84.4 91.3 5.36 3.7 12 9.5

5 Couplings 87.7 95.5 3.8 2.9 9 6.25
6 Arm 78.5 89.6 4.88 3.25 18 16
7 Boom 80.65 89.95 5.01 3.55 23.5 21
8 Gears 82.5 92.7 4.87 2.10 4 3.1
9 Bodies 76.8 91.45 5.37 2.12 14 11

XII. Test of Statistical Significance

Let the data, presented in Table 10, before Line 
balancing be x and after line balancing be y. Now, the t-
test has been conducted because related data, before 
and after lines balancing, are independent in nature. 

Null Hypothesis H0: 
yx µµ = i.e. there is no significant difference 

between the mean increase in line efficiency.
Alternate Hypothesis H0:  

yx µµ ≠ (Two Tailed)

Table 11 : Generation of data to compare Line efficiency statistically

Sl No x x - x (x - x ) 2 y y - y (y - y ) 2

1 81.2 -0.35 0.1225 89.6 -1.99 3.9601
2 78.5 -3.05 9.3025 91.8 0.21 0.0441
3 83.7 2.15 4.6225 92.4 0.81 0.6561
4 84.4 2.85 8.1225 91.3 -0.29 0.0841
5 87.7 6.15 37.8225 95.5 3.91 15.2881
6 78.5 -3.05 9.3025 89.6 -1.99 3.9601
7 80.65 -0.9 0.81 89.95 -1.64 2.6896
8 82.5 0.95 0.9025 92.7 1.11 1.2321
9 76.8 -4.75 22.5625 91.45 -0.14 0.0196

Mean 81.55 0.00 93.57 91.59 -0.01 27.9339

From the Table 11, 

Mean value of x, x = 81.55. 
Mean value of y, y = 91.59, 
No. of data of mean values of x,  1n = 9,
No. of data of mean values of y,  2n   = 9, 

])()([
2

1 22

21

2 ∑∑ −+−
−+

= yyxx
nn

S = 7.594

Where, S = An unbiased estimate of the 
common population Variance 2σ
Under Null Hypothesis, H0: 
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t = [ ( x

 

- y ) / { )
2

1
1

1(2

nn
S + }] ~ 221 −+nnt   = -10.04

 

Where, t denotes the value of t-test.

 
 

Tabulated t at 5% level of significance is 2.12. 
Since, calculated t is less than tabulated t at 5% level of 
significance. Hence it may be concluded that Line 
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efficiency x and y differ significantly. Further, y > x . 
Hence, Line efficiency y is superior to x.

XIII. Conclusions

The field of assembly line balancing has been 
vigorously researched in recent decades. Some of these 
innovations include parallel treatment of workers, tasks 
with stochastic durations, multiple objectives (minimum 
crew, maximum probability of on-time completion and 
minimum design cost), and mixed-models for JIT 
systems. Complexity and suitability of automated 
assembly is also a deciding parameter in this regard. 
Plant layout is one of the vital aspects in improving the 
utility of plant spaces. It facilitates smooth functioning of 
various activities in a limited space. In Small Scale 
Industries, particularly when there is a constraint of 
space U-line layout should be preferred.

On the basis of the reported case studies, it can 
be concluded that Line balancing improves the product 
quality and productivity along with an improvement in 
line efficiency. Proper Line Balancing reduces worker’s 
movement and thereby assembly time and minimizes 
the product cost. 
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Abstract - “The sole aim of any design optimization technique is price and performance. In case 
of fins the optimization of price is concerned with minimum material requirement with improved 
temperature drop in terms of performance“. In analytical or conventional optimization techniques, 
involved design parameters are related to each other in mathematical model, in form of 
ordinary/partial differential equation. If the design variables are such that they cannot be related 
mathematically then a mathematical model cannot be prepared and none of the classical design 
optimization techniques can be applied for solving the problem but Taguchi technique can 
account for such case. The application of mathematical optimization technique in case of fins 
involving parameters such as surface finish, effect of duct, bending, etc will be difficult to relate 
with the fins performance in a mathematical model. Over coming to this major limitation of 
classical techniques Taguchi method does not only account such variables but also provide 
robust optimization. Advantageously the method provides percent contribution of each 
variable/parameter for optimization of objective function. 
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Abstract  - “The sole aim of any design optimization technique 
is price and performance. In case of fins the optimization of 
price is concerned with minimum material requirement with 
improved temperature drop in terms of performance“.   

In analytical or conventional optimization techniques, 
involved design parameters are related to each other in 
mathematical model, in form of ordinary/partial differential 
equation.  

If the design variables are such that they cannot be 
related mathematically then a mathematical model cannot be 
prepared and none of the classical design optimization 
techniques can be applied for solving the problem but Taguchi 
technique can account for such case. 

The application of mathematical optimization 
technique in case of fins involving parameters such as surface 
finish, effect of duct, bending, etc will be difficult to relate with 
the fins performance in a mathematical model. Over coming to 
this major limitation of classical techniques Taguchi method 
does not only account such variables but also provide robust 
optimization. Advantageously the method provides percent 
contribution of each variable/parameter for optimization of 
objective function.  

Taguchi techniques are Fractional Factorial 
experimental design techniques and use standard ‘Orthogonal 
Arrays’ of  Fisher(1) for forming a matrix of experiments in such 
a way as to extract maximum important information with 
minimum number of experiments. 

Economic performance of fins is not proportional to 
surface area but is proportional to effective surface area. 
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I.

 

Introduction

 

aguchi built upon W. E. DEMING’s(2),(3)

 

observation 
that 85% of poor quality is attributed to the 
manufacturing process and only 15% to the 

worker. Quality and hence performance improvement 
start at very beginning. He proposed “Offline” strategies.  

 

During 1940s Genichi Taguchi(4)

 

has developed 
new statistical concepts of optimization tool which has 
been widely used in management and quality related 
optimization problem. In recent years it has been 
successfully implemented for the optimization of 
technical problems. Some of them are reported here:-

 

1.

 

Optimization of preload on bolts (5)

 

2.

 

Engine valve train noise study (2)

 3.

 

Study of crankshaft surface finish process(2)

 4.

 

Case study of Electrostatic powder coating 
process optimization(6)

 

                                     

 Although the thermal optimization has been 
carried out conventionally (Hyung Suk Kang)(7)

 

an 
attempt has been made here in implementation of 
Taguchi technique on optimization of

 

fins. 

 Analysis of heat flow in the finned surface in 
conventional optimization is made on following 
assumptions(8),(9):-

 •

 

Temperature gradient over the cross sections is 
neglected and the heat transfer is treated as 
one-

 

dimensional.

 •

 

Uniform heat transfer

 

coefficient over the entire 
fin surface.

 •

 

Spacing between fins has no significant effect 
on heat dissipation rate.

  •

 

Negligible radiation exchange with the 
surrounding and other fins.

 •

 

Temperature gradient along the width remains 
constant. 

 •

 

Perfect steady state heat dissipation.

 •

 

Material properties remain constant with the 
variation of temperature.

 Since in Taguchi technique experiments are 
performed in ground situation hence ‘Robust 
Optimization(10),(11)’ is achieved eliminating the list of 
assumptions involve.

 In analytical optimization it is assumed that rate 
of heat dissipation is double by doubling the number of 
fins but during practical observation such was not the 
case. 

 The expected cause is strong interaction(∗)

 between different physical variables  that has not been 
accounted in formulation of differential equation. But 
Taguchi technique provides percentage contribution of 
this interaction which may be some time more important 
than physical variables itself.

 
II.

 
Problem Statement

 a)
 

Robust optimization of fins by Taguchi technique
 Step1:

 
conceptualization of the problem and 

formulation of measurable target quantity
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Conceptualization: -
 
Following observations 

are made during formulation of problem statement.
 

1.
 

The conventional fin (fig 1) has certain zone 
which shows insignificant temperature drop 
along with length that’s appear in (fig 3) as 
center duct after removal of that zone.

 2.
  

Experimentally parabolic fins (fig2) are 
comparatively

 
better than other shape for ratio 

of heat transfer to mass required. But the major 
limitation of such type of fins is that its 
performance is less than conventional fin for 
same length.

 3.
 

Contrary to theoretical parabolic it is not curved 
out exactly from the base (fig2) but away from 
the base to certain length (c) (fig4), 
experimentally better results were obtained.

 4.
 

Combination of above observations and 
redefining the parabola yields fins of (fig 4) 
which has been further optimized by Taguchi 
technique for close tolerance.

 Here the temperature drop (∆𝑇𝑇)
 
is measurable 

target quantity which is difference between temperatures 
at base and tip of fin. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

∗Interaction –The mutual action between physical variables that may 
give entirely different resultant then expected one, if both are not fully 
independent.

 

             
                             
                    

 

fig1

 

 

 
 
 
 
 
 
 
 

fig2                                     fig3

 
 

 

 

 

 

 

 

fig 4

 

                 

 

  

Step2:

 

Selection of parameters 

 

Table 1.1 :

 

Planning and Carrying Out Experiments:-

 

 

                          

    

         

 

Fig 5
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Factor 
No.

Factor 
Specification

Factor Level1 Factor Level2

1 B : BEND B1 : SIMPLE B2 : BEND

2 L : LENGTH L1 : 36mm L2 : 30  mm

3    L × B        -------      ------

4 H:DUCT 
HEIGHT

H1 : 10mm H2  : 15 mm

5 N : No. of  
FINS

N1 : 7 N2  :  4

6    L × H          -------        ------

7 l : DUCT 
LENGTH

l1 : 26 mm l2:   34

                         

   

Step 3: In full factorial experimentation with 7 
parameters and 2 levels of each would require 27 = 128 
number of experiments. But applying Dr. Taguchi’s L8

series only 8 set of experiments are required. And hence 
maximum information is extracted from minimum 
number of experiments.
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Table 1.2 : L8 (27) Series with allocated interaction(∗)

Factor

Ex
pe

rim
en

t

Be
nd

 (B
)

Le
ng

th
(L

) 

B 
x 

L
in

te
ra

ct
io

n

H
ei

gh
t(

H
)

N
o.

 O
f F

in
s(

N
)

L 
x 

H
in

te
ra

ct
io

n

D
uc

t L
en

gt
h

Re
su

lt 
(T

em
pe

ra
tu

re
 d

ro
p 

° C
)

Ta
rg

et
 (Y

i )

Trial 1 1 1                 1 1 1 1 1 3.05 305

Trial 2 1 1 1 2 2 2 2 3.3 330

Trial 3 1 2 2 1 1 2 2 2.5 250

Trial 4 1 2 2 2 2 1 1 3.10 310

Trial 5 2 1 2 1 2 1 2 3.63 363

Trial 6 2 1 2 2 1 2 1 2.94 294

Trial 7 2 2 1 1 2 2 1 2.9 290

Trial 8 2 2 1 2 1 1 2 2.21 221

Total(∑Y) =2363

Step4: Calculation of average effect of parameters:-

∑B1= 𝟑𝟑𝟑𝟑𝟑𝟑+𝟑𝟑𝟑𝟑𝟑𝟑+𝟐𝟐𝟑𝟑𝟑𝟑+𝟑𝟑𝟑𝟑𝟑𝟑
𝟒𝟒

  =298.75

∑ (B× L)1= 𝟑𝟑𝟑𝟑𝟑𝟑+𝟑𝟑𝟑𝟑𝟑𝟑+𝟐𝟐𝟐𝟐𝟑𝟑+𝟐𝟐𝟐𝟐𝟑𝟑
𝟒𝟒

=286.5

Similarly, effect of other parameters are tabulated in table 1.2

∑ B2= 292                ∑ L1= 323            ∑L2=267.75

∑ N1= 267.5             ∑ N2= =323.25       ∑ (L×H)1= 299.75

∑(L×H)2=291,  ∑ l1= 299.75,  ∑ l2= 291,  ∑(B X 
L)2=304.25

(∗) Allocation of interaction:-Dr. Taguchi has already defined the rules 
forfff   for positioning the interactions and common variable (here L)

Table 1.2  : Main Effect Table

Serial 
No.

Main 
Effect

Level 
1(Le1)

Level 
2(Le2)

Le2-Le1

1 B 298.75 292 -6.75

2 L 323 267.75 -55.25

3 B × L 286.5 304.25 17.75

4 H 302 288.75 -13.25

5 N 267.5 323.25 55.75

6 L × H 299.75 291 -8.75

7 L 299.75 291 -8.75

Fig 6

Average effect of Interaction:-

B1 L1 = (305+330)/2=317.5

20
12

  J u
ne



 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

Robust Optimization of Fins by Taguchi Technique
G
lo
ba

l 
Jo

ur
na

l 
of
 R

es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
    
 

V
ol
um

e 
 X

II
  

Is
su

e 
vvvvII
I 
 V

er
si
on

 I
 

  
  
  

  
  

  
  

  
  

18

( A
)

© 2012 Global Journals Inc.  (US)

Similarly,   

H1 L1 = 334              

B1 L2 =  280                 H2 L1 = 312            

B2 L1 = 328.5               H1 L2 = 270            

B2 L2 = 255.5              H2 L2 = 265.5

The interaction diagram below indicates there 
exist strong interaction between bend (B) and length 
(L).Whereas the interaction between duct height (H) and 
length (L) is limited or weak.  

Interaction

fig7

Step 5 : ANOVA (Analysis of variance)

Step 5.1 : Total of all result:-

∑ Y = T = 2363

Step 5.2 : Procedure of ANOVA

CF = 𝑻𝑻
𝟐𝟐

𝒏𝒏
where n is the number of experiments

CF = 23632

8
=637971.125

Step 5.3 :Total sum of Square

ST =    ∑ 𝑌𝑌𝑖𝑖28
𝑖𝑖=1 –CF

ST = (3052+3302+2502+3102+3632+2942+2902+2212)-
(697971.125)

ST = 13699.875

Step 5. 4 : Factor sum of square

SB =  
nA

B

1

2)( 1∑
  + 

nA

B

2

2)( 2∑
- CF

SB= 
4

)1195( 2

  + 
4

)1168( 2

- 697971.125 = 91.125

SB X L= 
4

)1146( 2

  + 
4

)1217( 2

- 697971.125 = 630.125

Similarly,

SL= 6105.125         SH= 351.125              SN= 6216.125

SH X L= 153.125       Sl= 153.125

Step 5.5 : Total and Factor degree of Freedom

DOF total=No. of Experiment – 1

fT = n-1      =  8-1   =7

fB= No. of Level -1 =    2-1    =1

Similarly,

fL  =   fH  =   fN  =   fl = 2-1   =1

fH X L =1 X 1            fB x L = 1 X 1

Degree of error term up till  fe = fT-( fB +fL+ fH + fN+  fH X L+ 
fB x L+ fl ) =      7-7   =  0

With the error degree of freedom equal to zero, 

fe= 0.

Information regarding the error sum of square 
cannot be determined. In addition F ratios for factor 
cannot be calculated since the calculations involve fe 

,(pooled) to form a new nonzero estimate of the error 
term.

Step 5.6 : Mean square (variance)

VB =  𝑆𝑆𝐵𝐵
𝑓𝑓𝐵𝐵

= 91.125
1

= 91.125        VB X L = 𝑆𝑆B X L
𝑓𝑓B X L

=630.125

Similarly,   

VL = 6105.125          VH = 351.125        VN = 6216.125

V H X L = 153.125       Vl = 153.125

Ve= 𝑆𝑆𝑅𝑅
𝑓𝑓𝑅𝑅

=0
0

= indeterminate form.

As the variance of error term Ve is zero. The 
Variance ratio and pure Sum of Square S’ cannot be 
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calculated. Following method is adapted to recalculated 
percentage contribution.

Step 5.7 : Intial percentage contribution :-

PB = 𝑆𝑆𝐵𝐵
𝑆𝑆𝑇𝑇

= 91.125
697971.125

= 0.66%

PB X L = 𝑆𝑆𝐵𝐵 𝑋𝑋 𝐿𝐿
𝑆𝑆𝑇𝑇

= 630.125
697971.125

4.6%

PL = 44.56%      PH = 2.56%

PH X L1.11%   PN =45.37%    Pl = 1.11%

Pe cannot be calculated since Ve is zero.

ANOVA Table 1.4

Column Factor f S v P

1 Factor B 1 91.125 91.125 0.66%

2 Factor L 1 6105.125 6105.125 44.56%

3 Interaction 
BXL 

1 630.125 630.125 4.6%

4 Factor H 1 351.125 351.125 2.56%

5 Factor N 1 6216.125 6216.125 45.37%

6 Interaction 
BXH

1 153.125 153.125 1.11%

7 Factor l 1 153.125 153.125 1.11%

All other error 0 0 0 0 100%

Total 13699.875

Step 6 : Pooling (∗ ) :-
The effect of factor B is less than unity(0.66% 

only), Hence this factor is pooled to obtained non zero 
Estimates of Se and fe.

Step 7 Sum of Square of Error :

Let ,    Se =ST –(SL+ SB X L+SH+SN+SH X L+Sl)

= 13699.875 -

(6105.125+630.125+351.125+6216.125+153.125+153.125)

Se  = 91.125

Degree of freedom of error term

fe = fT –( fL+ fB X L+ fH+ fN+ fH X L+ fl) 

= 7-(1+1+1+1+1+1)        ,  fe =1

(∗)Pooling – pooling means elimination of factors having insignificant 
% contribution.

Variance of error term

𝑉𝑉𝑅𝑅
(∆) = = 𝑆𝑆𝑅𝑅

𝑓𝑓𝑅𝑅
  = 91.125

1
  = 91.125

Step 8 : F ratio of significant factors

FL = 𝑉𝑉𝐿𝐿
𝑉𝑉𝑅𝑅

= 6105.125
91.125

   = 66.99

FB x L = 𝑉𝑉B x L
𝑉𝑉𝑅𝑅

= 630.125
91.125

   = 6.914

FH = 3.85      FN= 68.21    FHx L = 1.68

Fl= 𝑉𝑉𝑙𝑙
𝑉𝑉𝑅𝑅

= 153.125
91.125

   = 1.68

Pure Sum of Square S’, for significant figure

S’
L = SL – (Ve X fL)

=6105.125-(91.125 x 1)  =6014

(∆) Compare the new variance and new percentage contribution of 
error term with the results of without pooling
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Similarly,

 

S’
B x L= 539  S’

H

 

= 260    S’
N

 

= 6125    S’
H x L

 

= 62   S’
l = 62

 

Step 9 :

 

New Percent contribution

 

PL

 

= 𝑆𝑆𝐿𝐿
′

𝑆𝑆𝑇𝑇

 

= 6014
13699.875

  =43.9%

 

PB x L

 

= 𝑆𝑆B

 

x

 

L

 

′

𝑆𝑆𝑇𝑇

 

= 539
13699.875

  =3.93%

 

PH

 

=1.9% PN

 

= 44.7% PH x L

 

=0.45% Pl = 0.45%

 

𝑃𝑃𝑅𝑅∆  = 100%-(43.9+3.93+1.9+44.7+0.45+0.45)

 

=4.67%

 

From F Table .find the F valve at

 

n1

 

= DOF of factor L = 1

 

n2

 

= DOF of Error term=1

 

At a confidence level of 90% (confidence level)

 

FL

 

= 39.864 (from F table)

 

As FL

 

from experiment (66.99) is larger than F Table 

 

Value (39.864) the factor L is not needed to be pooled.
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Pooled ANOVA Table 1.5

Step10 : Estimated Result at Optimum condition

Pooled factor are not included in the estimate.
Grand average performance:    T=2363

8
  = 295.375 

As the Factor L, BXL, H, HXL, N, l are significant

= 𝑇𝑇� + (𝐿𝐿�1-𝑇𝑇�)+( 𝐵𝐵 𝑋𝑋 𝐿𝐿�������)2- 𝑇𝑇�+(𝐻𝐻�1-𝑇𝑇�)+( 𝑁𝑁�2-𝑇𝑇�)+( 𝐵𝐵 𝑋𝑋 𝐿𝐿�������)1-
𝑇𝑇�)+( 𝑙𝑙1̅-𝑇𝑇�)

=295.375+(323-295.375)+(304.5-295.375)+(302-
295.375)+(323.25-295.375)+(299.75-295.375)+(299.75-
295.375) 
=375.125                          

III. Conclusion

• Note the optimum condition for the “higher the 
better” 
Configuration i.e. higher is the temperature 
drop better is the performance.
Following are the opted specifications: -

B2  bend                      
L1   36 mm
H1   10mm
N2   4 
l1     26mm

• From the calculation the percentage 
contribution of duct length (l) is less than unity 
hence this particular parameter can be 
adjusted according to economic consideration 
without affecting the performance to larger 
extent, hence opt l2.

• In theoretical problems the performance of 
single fin (in terms of rate of heat dissipation) is 
multiplied with number N (where N is number of 
fins involved), to get the cumulative 
performance of N number of fins. But the 
experiment suggest so is not the case, 
because N as a parameter has only 78% 
contribution in the cumulative result. (Shown in 
fig).

• The duct and the shape have peculiar effect 
(cornering effect) in the governing of heat 
dissipation, in which even after reducing the 
surface area in (certain zone) comparable 
performance has been achieved. In this 
particular experiment the one fact reveled is 
percentage contribution of interaction is more 
than individual parameter (for bending) and but 
it is difficult to point out this effect in 
conventional method.

• (a) If 4 conventional fins are compared with 4 
optimized fins by this experiment then 22 % 
cost saving can be achieved with improved 
performance.

      (b)  if performance of 7 conventional fins is 
compared with 4 optimized fins them primary 
calculation indicate that at the expense of 32% 
of the performance up to 55% cost can be 
saved.

The pie chart shown below represents the 
percentage contribution of each parameter including 
interactions on temperature drop.

Fig 8

IV. Scope

With more number of parameters, (including 
more number of possible interactions) and higher 

1%
45%

5%2%

45%
1%1% B

L
B X L
H
N
H X L
l
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Advantages of the Taguchi techniques

 

1)

 

The Taguchi techniques are applicable for both 
type problems for which mathematical 
modeling is possible and for which formation of 
ordinary/partial differential equation is not 
possible.

 

2)

 

Advantageously over full factorial experimental 
optimization techniques maximum information 
is extracted with minimum number of 
experiments.

 

3)

 

Mathematical modeling is not required.

 

4)

 

Being a fractional factorial method and use of 
orthogonal arrays ensures minimum

 

time and 
minimum cost of experimentation.

 

Disadvantages of the Taguchi techniques  

 

1)

 

All the possible interactions amongst the 
parameters cannot be studied as this 
technique is not based on full factorial method.

 

2)

 

Number of levels for the design variables and 
parameters are required to be assumed to 

Robust Optimization of Fins by Taguchi Technique

capture the true nature of variation of the 
variables and parameters.

3) Positioning hinders the repetition of experiment 
involving interaction.  

V. Abbreviation & Symbols

• B, L, H - variable used in design of an 
experiments

• C.F.-  Correction factor

• e-  experimental error

• f, n-  Degree of freedom(DOF) 

• F-  variance ratio

• N- The number of experiments

• P-The percent contribution of variable

• S- The sum of squares

• S’- The net/pure sum of squares

• T-  The sum of observations

• V-  the variance (mean square ,s/f)

• Y- Result measured in terms of quality 
characteristics example Height, duct length, 
length, etc.

• Ve- Variance of error terms
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Abstract -
 
Zircaloy-2 is mainly used in nuclear technology, as cladding of fuel rods in nuclear 

reactors, especially water reactors (BWRs). Hence high strength of Zircaloy-2 is of prime 
importance. This investigation deals with the effect of cryorolling on Zircaloy-2 by comparing 
different tensile properties. For this analysis, four samples with various degrees of cryorolling are 
taken and tensile tests are conducted on these samples. The obtained results are analyzed and 
the optimum degree of cryorolling of Zircaloy-2 is obtained. The cryorolling improved the 
mechanical properties of the material as the dislocations are entangled near the grain 
boundaries and also due to decrease in the grain size. The microstructure of the sample is 
analyzed by optical microscope, before and after cryorolling and the grain structure analysis is 
done.
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Tensile Behavior of Cryorolled Zircaloy-2
P.Aditya Rama Kamalanath α & Apu Sarkar σ

Abstract - Zircaloy-2 is mainly used in nuclear technology, as 
cladding of fuel rods in nuclear reactors, especially water 
reactors (BWRs). Hence high strength of Zircaloy-2 is of prime 
importance. This investigation deals with the effect of 
cryorolling on Zircaloy-2 by comparing different tensile 
properties. For this analysis, four samples with various 
degrees of cryorolling are taken and tensile tests are 
conducted on these samples. The obtained results are 
analyzed and the optimum degree of cryorolling of Zircaloy-2 
is obtained. The cryorolling improved the mechanical 
properties of the material as the dislocations are entangled 
near the grain boundaries and also due to decrease in the 
grain size. The microstructure of the sample is analyzed by 
optical microscope, before and after cryorolling and the grain 
structure analysis is done. 
Keywords : Zircaloy-2, Cryorolling, Entanglement of 
dislocations, Dynamic recovery, Degree of cryorolling.

I. Introduction

irconium has very low absorption cross-section of 
thermal neutrons, high hardness, ductility and 
corrosion resistance. Hence its alloys are mainly 

used in nuclear reactors for the cladding of fuel rods. 
Zircloy-2 is one such alloy which is mainly used in 
boiling water reactors(BWR). In the recent past, water 
reactors of higher capacity are being developed .In the 
late 1990s GE Hitachi(GEH) and Toshiba has produced 
advansed boiling water reactor(ABWR). The standard 
ABWR plant design has a net output of about 1350 MWe 
(3926 MWth). Various tests are being conducted on 
zircaloy-2 at such high burn-up[1], and while the 
zircaloy-2 cladding has had a very good track record of 
safe use in nuclear reactors, the material becomes 
susceptible to failure over long times for the above 
ABWRs at such high burn-up. As a result, fuel rods are 
often taken out of service even though they may have a 
substantial amount of fuel remaining to produce 
energy[2]. So methods which increase the strength of 
zircaloy-2 without decreasing its ductility and corrosion 
resistance are being explored. 

Cryorolling, deformation at cryogenic 
temperature is proved to be effective method for 
increasing the yield strength and tensile strength for 
various Al alloys[3],[4]. So this technique is 
implemented on zircaloy-2. Also optimum degree of 
cryorolling for zircaloy-2 is also found in this 
investigation. 

Author  α : Department of metallurgical and materials engineering, NIT 
Warangal, Warangal, 506004, India. 
Author σ : Mechanical metallurgy section, BARC, Mumbai, 400094,
India. 

II. Experimental Procedure

Process of cryorolling: The samples are dipped 
in LN2(liquid nitrogen) for 10min before first pass and 2 
min for each pass, sample was found to attain nearly -
160  C. The process is controlled by microprocessors in 
order to avoid thermal shocks and also damage to the 
components. 

Here in cryorolling as the material cools its 
molecular structure contracts and hence there is 
entanglement of dislocations near the grain boundaries. 

The samples are cryorolled up to three degrees 
of rolling (leaving the annealed sample) .One up to 20%; 
another to 50%: and the last one up to 70% of 
cryorolling. 

Then the material is tested by tensile testing 
machine and the testing data is supervised by blue-hill 
software to get the required data of the material. 

Then graphs are simulated using the data 
obtained for both annealed sample and cryorolled 
sample using ORIGIN PRO software.

III. Results and Discussion

This shows that the Yield stress and the 
Ultimate tensile stress of the sample increases with the 
% of cryorolling.
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b) Strain Hardening curve 

It is found that the value of n is found to 
decrease from the annealed sample to 70% cryorolled 
sample indicating that the mean free path of the 
dislocations has decreased with cryorolling due to their 
increasing density.

c) Work hardening 

These curves show that there is a decrease in 
the dynamic recovery pace with the % of cryorolling. 

d) Microstructure Analysis 

Optical microscope Image of Annealed sample

Optical microscope Image of 70% cryorolled sample

There is a noteworthy decrease in the grain size 
from annealed sample to 70% cryorolled sample. 
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a) The values obtained from the graph are

Annealed 

sample

20% 
cryorolled 
sample

50% 
cryorolled 
sample

70% 
cryorolled 
sample

Yield 

stress

381 

MPa

496.5 

MPa

668.9 

MPa

732.3 

MPa

Ultimate 

Tensile 

stress

523.26 

MPa

609.5 

MPa

753.5 

MPa

795.9 

MPa

eu 0.23 0.106 0.083 0.07

Annealed

Sample

20%

cryorolled

50%

cryorolled

70%

cryorolled

n 0.28 0.04 0.019 0.004
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We observe that with the increasing amount of 
cryorolling there is a significant increase in the Y.S and 
U.T.S at the cost of its ductility. An optimum degree of 
cryorolling is obtained between 20%-50% of cryorolling. 

Due to cryorolling, we get 
a. Fine grain size and 
b. More dislocation density 
c. Suppression of dynamic recovery. 

i. Fine grain size 
Normally for annealed sample the dislocations 

are present within the grain and the grain boundaries. 
When some stress is applied, the dislocations move 
along one grain to another. In this process, when it 
comes through another grain, it encounters a barrier 
due to the misorientation of the crystallographic texture 
from one grain to another. Thus some additional force is 
required to move the dislocations across the barrier. 
Now due to cryorolling, since the grain size is reduced, 
there is an increase in the number of grains and overall 
grain boundary and therefore the size of the overall 
barriers for the dislocations increases and more force is 
required for the dislocations to cross the barrier which in 
turn increases the strength of the material. 

ii. More dislocation density
Due to rolling, quite a large number of 

dislocations are produced. These dislocations get 
entangled between the grain boundary which impedes 
their motion and the strength gets increased. 

With the increasing extent of cryorolling, more 
amount of dislocations get piled up within the grain 
boundaries and the sample starts to fracture after quite 
some time with increasing stress. Thus the ductility gets 
decreased with the extent of cryorolling at the cost of its 
strength. 

iii. Suppression of dynamic recovery 
There is suppression of dynamic recovery as in 

cryogenic temperature, the total internal energy of the 

atoms decreases as it is a function of temperature of the 
material. So the atoms kinetic energy decreases which 
results in the suppression of dynamic recovery. 
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Computational Analysis of Combustion Chamber Using 
Cavity-based fuel Injector with Non-Premixed Combustion 
Model   

By  J.P.Kalita, K.M.Pandey & A.P.Singh 
 N.I.T Silchar,  India  

Abstract - This paper presents the supersonic combustion of hydrogen fuel using cavity-based 
fuel injector with two-dimensional turbulent non-premixed combustion model. The present model 
is based on the standard k-epsilon (two equations) with standard wall functions which is P1 
radiation model and a PDF (Probability Density Function) approach is created. The hydrogen fuel 
is injected just upstream of the cavity. The Contour of Mass fraction of OH indicates a little 
amount of OH around 0.001454 after combustion. A cavity flame holder is provided which injects 
hydrogen fuel in a supersonic hot air stream that facilitates enhanced mixing and combustion 
efficiency. 
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Abstract -

 

This paper presents the supersonic combustion of 
hydrogen fuel using cavity-based fuel injector with two-
dimensional turbulent non-premixed combustion model. The 
present model is based on the standard k-epsilon (two 
equations) with standard wall functions which is P1 radiation 
model and a PDF (Probability Density Function) approach is 
created. The hydrogen fuel is injected just upstream of the 
cavity. The Contour of Mass fraction of OH indicates a little 
amount of OH around 0.001454 after combustion.

 

A cavity 
flame holder is provided which injects hydrogen fuel in a 
supersonic hot air stream that facilitates enhanced mixing and 
combustion efficiency.
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:

 

Mach number,
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fuel, non-premixed combustion, scramjet, standard k-
epsilon turbulence model, standard wall functions, 
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 I.

 

Introduction

 he future of hypersonic air-breathing vehicles lies 
in the successful development and design of 
Supersonic combustion ramjet (SCRAMJET) 

engines which poses some major challenges that has 
attracted the attention and imagination of researchers 
worldwide. The serious issues like fuel-air mixing, flame

 holding, pressure losses and thermal loading can be 
resolved with the successful implementation of a fuel 
injection system that provides rapid mixing between the 
fuel and oxidizer streams, induces pressure losses to a 
minimum with reduced or zero adverse effects on flame 
holding capability or thermal/structural integrity of the 
device. A very short time for fuel injection, fuel-air mixing 
and subsequently combustion is available of the order 
of 1 ms and hence the increasing need to develop a 
system that effectively integrates fuel injection and flame

 holding for supersonic combustion exists.

 

Thus cavity 
flame

 

holders has been proposed in recent years as a 
new concept for flame

 

holding and stabilization in 
supersonic combustors [4].

 Some recent publications have brought to light 
the subject of cavity flows and their relevance to flame

 holding in

 

supersonic combustion engines [1,2,3].Low-
speed combustion studies with an axis

 

symmetric

 

cavity 
[5]found optimum flame

 

holding performance using a 
cavity

 

with its length-to-depth ratio L=D sized for the 
minimum aerodynamic

 

drag. Longer cavities produced 

vortex shedding that resulted in unstable flames, and 
shorter cavities did not provide enough air entrainment 
to hold the flame. Experimental and numerical results 
were show n to agree closely on this point [6]. Cavities 
with small aspect ratios provide better flame holding 
capability than longer cavities with aft ramp angles as 
suggested in a study by Yu et al[7] where fuel was 
injected upstream of a variable L/D cavity at flow speed 
of Mach 2. 

A configuration having a baseline fuel injector/ 
flame holder with a low angled fuel injection upstream of 
a wall cavity was used by Tarun Mathur et al [8] where 
fuel injection and flame piloting was done in a scramjet 
combustor with all the components contained in the 
wall. In contrast to in-stream concepts that introduce 
additional friction drag, wave drag, and cooling 
requirements to the combustor, this configuration uses 
no in-stream devices, thereby minimizing these 
detrimental effects and simplifying the overall combustor 
and system designs. Similar studies which involves 
flush-wall injection upstream of similar cavities in non 
reacting supersonic flow have provided valuable insights 
into the effects of cavity configuration (L=D ratio, offset 
ratio, aft ramp angle), fuel injection pressure, and 
imposed back pressure on drag, residence times, and 
fuel distribution within the cavity [9, 10]. The combustion 
experiments as described by Tarun Mathur et al [8] as 
well as some numerical simulations of cavity-based fuel 
injector/flame holder [11,12,13] have shown robust 
flame holding and combustion performance in a 
scramjet combustor simulating Mach 4-6 conditions at a 
dynamic pressure of 47.9 k Pa. 

Some difficulties associated with hydrocarbon 
fuels which primarily include the relatively long ignition 
delay time and the challenge in diffusing stable 
combustion energy into the main flow without disturbing 
the flow and creating drag penalties may be tackled by 
cavity-based flame holders as suggested by Ben Yakar 
et al [2].A cavity-based flame holder a) creates a 
sheltered subsonic recirculation area of hot combustion 
products and increases the effective residence time for 
the fuel, and b) acts as a pilot light to spread hot 
combustion products into the main flow. The flow in the 
vicinity of the cavity can be very stable and can limit the 
amount of mass entrainment. As can be seen from the 
fig.1 below which is a result of numerical computations 
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by Gruber et al [10] there are trapped vortices within the 
cavity, including a large primary recirculation zone that 

interacts with the free stream, and a smaller fuel-rich 
secondary vortex in the forward corner of the cavity. 
      

 Fig.1
 
:
 
Fuel distribution in a closed cavity flame

 
holder. Darker shades indicate fuel-rich regions (Gruber et

 al.,2001).
 

The Cavity flow regimes has been categorized 
basically into two types by Ben Yakar et al [14] that 
depends primarily on length-to-depth ratio, L/D. In all the 
cases it is seen that a shear layer gets separated from 
the upstream lip and get reattached downstream. The 
reattachment takes place in the back face for L/D< 7-10 
and hence are termed as open. For L/D< 2-3 transverse 
oscillation mechanism plays the dominant role but large 
aspect ratio cavities are controlled by longitudinal 
oscillations.The high pressure at the rear face as a result 
of the shear layer impingement increases the drag of the 
cavity. For L=D >10–13 the cavity flow is termed 
“closed” because the free shear layer reattaches to the 
lower wall. The pressure increase in the back wall vicinity 
and the pressure decrease in the front wall results in 
large drag losses. The critical length-to-depth ratio, at 
which a transition between different cavity flow regimes 
occurs, depends also on the boundary-layer thickness 
at the leading edge of the cavity, the flow Mach number, 
and the cavity width. 

Another way of improving fuel the fuel-air 
mixture within the cavity can be direct fuel injection into 
the cavity as investigated by Allen et al [15]. This 
resulted in decreased size of fuel rich vortex with 
subsequent improvement in combustion within the 

cavity which was due to improved fuel air mixture 
because of additional air injected directly into the cavity. 
They also observed that the air injection technique did 
not have merely a

 
undeviating effect on the fuel-rich 

region, in fact increasing the air injection without bound 
had

 
diminishing effect, and eventually are

 
verse effect.

 

For lower fuel injection rates, if the air injection was 
increased to its maximal limit the combustion

 
increases 

seen at lower air injection rates moderated to levels near 
the original fuel-only case. It would seem that

 
the direct 

air injection technique is able to cause the cavity fuel-air 
mixture to become too lean to gain any

 
enhancements 

in combustion if the air injection rate is not organized.
 

II.
 

Materials and Methods
 

a)
 

Physical Model
 

A mathematical model consists of equations 
concerning the dependent and the independent 
variables and the relevant parameters that describe 
some physical phenomenon. In general, a mathematical 
prototype consists of differential equations that govern 
the performance of the physical system, and the related 
boundary conditions which is shown in figure 2.

 
 
 

     Fig.2 : Physical model of cavity-based non-premixed supersonic combustor 

b)
 

Governing Equations
 

The advantage of employing the complete 
Navier-Stokes equations extends not only the 

investigations that can be carried out on a wide range of 
flight conditions and geometries, but also in the process 
the location of shock wave, as well as the physical 
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characteristics of the shock layer, can be exactly 
determined. We begin by describing the three-
dimensional forms of the Navier-Stokes equations 
below. Note that the two-dimensional forms are just 
simplification of the governing equations in the three 

dimensions by the omission of the component variables 
in one of the co-ordinate directions. Neglecting the 
presence of body forces and volumetric heating, the 
three-dimensional Navier-Stokes equations are derived 
as [16]: 

Continuity Equation: 

 
 (1)  

 

X-momentum equation: 

 

∂(ρu)
𝜕𝜕𝜕𝜕

+ 𝜕𝜕(𝜌𝜌𝜌𝜌𝜌𝜌 )
𝜕𝜕𝜕𝜕

+ 𝜕𝜕(𝜌𝜌𝜌𝜌𝜌𝜌 )
𝜕𝜕𝜕𝜕

+ 𝜕𝜕(𝜌𝜌𝜌𝜌𝜌𝜌 )
𝜕𝜕𝜕𝜕

= 𝜕𝜕𝛿𝛿𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

+ 𝜕𝜕𝜏𝜏𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

+ 𝜕𝜕𝜏𝜏𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

       (2)  

 
Y-momentum equation:  
 

  𝜕𝜕(𝜌𝜌𝜌𝜌)
𝜕𝜕𝜕𝜕

+ 𝜕𝜕(𝜌𝜌𝜌𝜌𝜌𝜌 )
𝜕𝜕𝜕𝜕

+ 𝜕𝜕(𝜌𝜌𝜌𝜌𝜌𝜌 )
𝜕𝜕𝜕𝜕

+ 𝜕𝜕(𝜌𝜌𝜌𝜌𝜌𝜌 )
𝜕𝜕𝜕𝜕

= 𝜕𝜕𝜏𝜏𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

+ 𝜕𝜕𝜎𝜎𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

+ 𝜕𝜕𝜏𝜏𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

  (3)  

 

 
Z-momentum equation: 

𝜕𝜕(𝜌𝜌𝜌𝜌 )
𝜕𝜕𝜕𝜕

+ 𝜕𝜕(𝜌𝜌𝜌𝜌𝜌𝜌 )
𝜕𝜕𝜕𝜕

+ 𝜕𝜕(𝜌𝜌𝜌𝜌𝜌𝜌 )
𝜕𝜕𝜕𝜕

+ 𝜕𝜕(𝜌𝜌𝜌𝜌𝜌𝜌 )
𝜕𝜕𝜕𝜕

= 𝜕𝜕𝜏𝜏𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

+ 𝜕𝜕𝜏𝜏𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

+ 𝜕𝜕𝜎𝜎𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

         (4)
  

 
Energy Equation: 

 

 

             
   

 

 
 

 
(5)

Assuming a Newtonian fluid, the normal stress 
σxx, σyy and σzz can be taken as combination of the 
pressure p and the normal viscous stress components 
τxx, τyy, and τzz while the remaining components are the 
tangential viscous stress components whereby τxy= τyx, 
τxz= τzx, and τyz= τzy. For the energy conservation for 
supersonic flows, the specific energy, E is solved 

instead of the usual thermal energy H applied in sub-
sonic flow problems. In three dimensions, the specific 
energy E is repeated below for convenience:

 

E= e + 1
2  (u2 + v2  + w2)        (6)  

𝜕𝜕𝜌𝜌
𝜕𝜕𝜕𝜕 + 𝜕𝜕(𝜌𝜌𝜌𝜌 )

𝜕𝜕𝜕𝜕 + 𝜕𝜕(𝜌𝜌𝜌𝜌 )
𝜕𝜕𝜕𝜕 + 𝜕𝜕(𝜌𝜌𝜌𝜌 )

𝜕𝜕𝜕𝜕 = 0 

𝜕𝜕(𝜌𝜌𝜌𝜌)
𝜕𝜕𝜕𝜕

+
𝜕𝜕(𝜌𝜌𝜌𝜌𝜌𝜌)
𝜕𝜕𝜕𝜕

+
𝜕𝜕(𝜌𝜌𝜌𝜌𝜌𝜌)
𝜕𝜕𝜕𝜕

+
𝜕𝜕(𝜌𝜌𝜌𝜌𝜌𝜌)
𝜕𝜕𝜕𝜕

=
𝜕𝜕(𝜌𝜌𝜎𝜎𝜕𝜕𝜕𝜕 + 𝜌𝜌𝜏𝜏𝜕𝜕𝜕𝜕 + 𝜌𝜌𝜏𝜏𝜕𝜕𝜕𝜕 )

𝜕𝜕𝜕𝜕
+
𝜕𝜕(𝜌𝜌𝜏𝜏𝜕𝜕𝜕𝜕 + 𝜌𝜌𝜎𝜎𝜕𝜕𝜕𝜕 + 𝜌𝜌𝜏𝜏𝜕𝜕𝜕𝜕 )

𝜕𝜕𝜕𝜕
+
𝜕𝜕(𝜌𝜌𝜏𝜏𝜕𝜕𝜕𝜕 + 𝜌𝜌𝜏𝜏𝜕𝜕𝜕𝜕 + 𝜌𝜌𝜎𝜎𝜕𝜕𝜕𝜕)

𝜕𝜕𝜕𝜕

+
𝜕𝜕(𝑘𝑘 𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕)
𝜕𝜕𝜕𝜕

+
𝜕𝜕(𝑘𝑘 𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕)

𝜕𝜕𝜕𝜕
+
𝜕𝜕(𝑘𝑘 𝜕𝜕𝜕𝜕𝜕𝜕𝜕𝜕)
𝜕𝜕𝜕𝜕
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It is evident from above that the kinetic energy 
term contributes greatly to the conservation of energy 
because of the high velocities that can be attained for 
flows, where Ma>1.Equations (1)-(6) represent the form 
of governing equations that are adopted for 
compressible flows. The solution to the above governing 
equations nonetheless requires additional equations to 
close the system. First, the equation of state on the 
assumption of a perfect gas unemployed, that is, 

P= ρ R T  where R is Gas constant 
Second, assuming that the air is calorically 

perfect, the following relation holds for the internal 
energy:  

e= Cv T 

where Cv is specific heat at constant volume. 
Third, if the Prandtl number is assumed constant 
(approximately 0.71) for calorically perfect air), the 
thermal conductivity can be evaluated by the following: 
 
      
 
 The Sutherland’s law is typically used to 
evaluate viscosity μ, which is provided by:

 
 
𝜇𝜇 =

 
𝜇𝜇0 �

𝜕𝜕
𝜕𝜕0
�

1.5 𝜕𝜕0+120
𝜕𝜕+120     

(7)

      Where μ0

 

and T0

 

are the reference values at 
standard sea level conditions

 

Generalized form of Turbulence Equations is as follows:
 

 

𝑘𝑘
𝜕𝜕𝑘𝑘
𝜕𝜕𝜕𝜕

+
𝜕𝜕(𝜌𝜌𝑘𝑘)
𝜕𝜕𝜕𝜕

+
𝜕𝜕(𝜌𝜌𝑘𝑘)
𝜕𝜕𝜕𝜕

+
𝜕𝜕(𝜌𝜌𝑘𝑘)
𝜕𝜕𝜕𝜕

=
[𝑉𝑉𝜕𝜕  
𝜎𝜎𝑘𝑘

𝜕𝜕𝑘𝑘
𝜕𝜕𝜕𝜕]

𝜕𝜕𝜕𝜕
+
𝜕𝜕[𝑉𝑉𝜕𝜕𝜎𝜎𝑘𝑘

𝜕𝜕𝑘𝑘
𝜕𝜕𝜕𝜕]

𝜕𝜕𝜕𝜕
+
𝜕𝜕[𝑉𝑉𝜕𝜕𝜎𝜎𝑘𝑘

𝜕𝜕𝑘𝑘
𝜕𝜕𝜕𝜕]

𝜕𝜕𝜕𝜕
+ (𝑆𝑆𝑘𝑘 = 𝑃𝑃 − 𝐷𝐷)  

 
 

(𝜀𝜀) 𝜕𝜕𝜀𝜀
𝜕𝜕𝜕𝜕

+ 
𝜕𝜕(𝜌𝜌𝜀𝜀 )
𝜕𝜕𝜕𝜕

+ 
𝜕𝜕(𝜌𝜌𝜀𝜀)
𝜕𝜕𝜕𝜕

+ 
𝜕𝜕(𝜌𝜌𝜀𝜀 )
𝜕𝜕𝜕𝜕

= 
𝜕𝜕�𝑉𝑉𝜕𝜕𝜎𝜎𝑘𝑘

𝜕𝜕𝜀𝜀
𝜕𝜕𝜕𝜕�

𝜕𝜕𝜕𝜕
+ 

𝜕𝜕�𝑉𝑉𝜕𝜕𝜎𝜎𝑘𝑘
𝜕𝜕𝜀𝜀
𝜕𝜕𝜕𝜕 �

𝜕𝜕𝜕𝜕
+ 

𝜕𝜕�𝑉𝑉𝜕𝜕𝜎𝜎𝑘𝑘
𝜕𝜕𝜀𝜀
𝜕𝜕𝜕𝜕 �

𝜕𝜕𝜕𝜕
+ (𝑆𝑆𝜀𝜀 = 𝜀𝜀

𝑘𝑘
(𝐶𝐶𝜀𝜀1𝑃𝑃 − 𝐶𝐶𝜀𝜀2𝐷𝐷) 

  
Where 
 

𝑃𝑃= 2𝜌𝜌𝜕𝜕 ��
𝜕𝜕𝜌𝜌
𝜕𝜕𝜕𝜕
�

2
+ �𝜕𝜕𝜌𝜌

𝜕𝜕𝜕𝜕
�

2
+ �𝜕𝜕𝜌𝜌

𝜕𝜕𝜕𝜕
�

2
� + 𝜌𝜌𝜕𝜕 ��

𝜕𝜕𝜌𝜌
𝜕𝜕𝜕𝜕

+ 𝜕𝜕𝜌𝜌
𝜕𝜕𝜕𝜕
�

2
+ �𝜕𝜕𝜌𝜌

𝜕𝜕𝜕𝜕
+ 𝜕𝜕𝜌𝜌

𝜕𝜕𝜕𝜕
�

2
+ �𝜕𝜕𝜌𝜌

𝜕𝜕𝜕𝜕
+ 𝜕𝜕𝜌𝜌

𝜕𝜕𝜕𝜕
�

2
�

  And D=Ɛ
 

 
III. Computattional and Model 

Parameters 

a) Geometry and mesh generation 
Mesh generation was performed in a Fluent pre-

processing program called Gambit. The current model 
is cavity-based fuel injector with non-premixed 
combustion as shown in figure 3. The boundary 
conditions are such that, the air inlet and fuel inlet 

surfaces are both defined as pressure inlets and the 
outlet is defined as pressure outlet. Recent research has 
revealed that perhaps the numerical model will improve 
if the air inlet is defined as pressure inlet and the fuel 
inlet is defined as a mass flow inlet. In this particular 
model the walls of the combustor duct do not have 
thicknesses. The domain is completely contained by the 
combustor itself; therefore there is actually no heat 
transfer through the walls of the combustor.

 

 

 

k=𝜇𝜇𝐶𝐶𝑝𝑝
𝑝𝑝𝑝𝑝  
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   b)
 

Boundary Conditions
 During analysis we have taken same pressure 

for both fuel and air for all the models. Pressure inlet and 
pressure outlet conditions were taken on the left and 
right boundaries respectively. Pressure inlet condition 
was taken for fuel injector. The top and bottom 
boundaries, which signify the sidewalls of the isolator, 
had symmetry conditions on them. The walls, obstacles 
and other materials were set to standard wall conditions. 
The computations were initially carried out with various 
levels of refinement of mesh. There exists a definite level 
of refinement beyond which there is no significant 
quantitative change in the result. The limit of that 
refinement is called the Grid Independent Limit (GIL). 
The input parameters that were for the model is shown 
in tabulated form.

 
 Input Parameters

 

Air

 

Fuel

 Mach No

 

3.12

 

1.5

 Temperature

 

1000K

 

300K

 Pressure

 

80325 Pa

 

80325 
Pa

 Mass fraction of H2

 

0

 

1

 Mass fraction of N2

 

0.767

 

0

 Mass fraction of O2

 

0.213

 

0

 Mass fraction of H2O

 

0.02

 

0

 Turbulent Kinetic 
Energy(k)

 

10

 

2400

 
Turbulent 
Dissipation rate(𝜀𝜀)

 

650

 

108

 

 c)
 

Modeling Details

 In the CFD

 

model, the Standard k-𝜺𝜺turbulent 
model is selected which is one of the most common 
turbulence models. It is a two equation model

 

that 
means it includes two extra transport equations to 
represent the turbulent properties of the flow. This two 
equation model accounts for history effects like 
convection and diffusion of turbulent energy. Further, 
because of the intense turbulent combustion, the eddy-
dissipation reaction model is adopted. The eddy-
dissipation is based on the hypothesis of infinitely fast 
reactions and the reaction rate is controlled by turbulent 
mixing. Both the Arrhenius rate and the mixing rate are 
calculated and the smaller of the two rates is used for 
the turbulent combustion. While no-slip conditions are 
applied along the wall, but due to the flow being 
supersonic, at the outflow all the physical variables are 
extrapolated from the internal cells. Energy equations 
were considered and the solution was initialized from 
the air inlet for simplicity. For hydrogen-air mixing, ideal 
gas mixing law was followed for determination of 
thermal conductivity and viscosity, while density was 
assumed to be for ideal gas. Mass diffusivity was 
assumed to be following kinetic theory. 

 

IV.

 

Results and Discussions

 

The various plots of properties such as static 
temperature, densities etc. along the length of the 
combustor for the different models are given below. The 
red colored regions are the regions where the properties 
attain their maximum values. The blue colored regions 
indicate the regions where the properties are at their 
minimum. The properties that were analyzed were:

 

1.

 

Static Temperature

 

2.

 

Density

 

3.

 

Mass Fraction of H2

 

4.

 

Mass Fraction of H2O

 

5.

 

Mass Fraction of O2

 

6.

 

Mass Fraction of OH

 
 

The static temperature was taken as an 
indication of combustion efficiency of the fuel 
(hydrogen). Higher combustion efficiency means a 
greater percentage

 

of the injected fuel undergoes 
combustion resulting in a higher static temperature at 
the combustor exit. Study of the mass fraction contours 
of H2, O2 and H2O showed evidence of fuel injection, 
air fuel mixing and combustion respectively. The 
presence of

 

H2O indicated the occurrence of 
combustion. Turbulent kinetic energy was an indication 
of vortex formation in the cavity which enhances air-fuel 
mixing. The X-velocity was the velocity at which the 
combustion products exit the combustor. It represented 
the thrust available for propulsion of the scramjet. The 
static pressure and density contours and static pressure 
and density graphs help in visualizing the shock waves 
produced by the velocity of hydrogen injection. 
Moreover, interaction of the reflected shock waves with 
the air-fuel mixing boundary (visible in the density and 
static pressure contours) further enhanced the mixing 
and promoted.

 

a)

 

Static Temperature

 

From Fig 4 it is evident that static temperature 
increases from inlet to the outlet. This is due to 
combustion of the air and injected H2 fuel. The heat 
released due to combustion heats up the combustion 
products (water) and hence, an increase in the static 
temperature from 398K to 1789 K is observed.
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Fig 4

 

:

 

Contour of Static Temperature

 
 
 
 

 
 
 

  

Fig 5

 

: XY Plot of Static Temperature

 
 

b)

 

Density

 

Plot of density distribution at interior shows that 
density increases with H2 injection and then, it 
decreases gradually with mixing and combustion of air 
and hydrogen fuel mixture and the subsequent 

expansion of the combustion products. From the 
contour a maximum density of 0.2758944kg/m3 is

 

observed at the inlet and injection zones and it 
decreases to a minimum value of 0.09207605 kg/m3.
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c)

 

Mass Fraction of H2

 

The below graph shows the distribution of H2

 

in 
the interior of the combustor. As can be seen, the mass 
fraction of hydrogen is maximum at the fuel injection 

port and continues to decrease along the length of the 
combustor due to combustion. Thus, the graph provides 
evidence of combustion.

 

 

 
 

 
 

Fig 8

 

:

 

Contour of Mass Fraction of H2

 

G
lo
ba

l 
Jo

ur
na

l 
of
 R

es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
    
 

V
ol
um

e 
 X

II
  

Is
su

e 
vvvvII
I 
 V

er
si
on

 I
 

  
  
  

  
  

  
  

  
  

33

( A
)

© 2012 Global Journals Inc.  (US)

Computational Analysis of Combustion ChamberUsing Cavity-based fuel Injector with Non-Premixed 
Combustion Model

Fig 7 : XY Plot of Density

20
12

  J u
ne



 

 

 

Fig 9

 

:

 

XY Plot of Mass Fraction of H2

 

at interior

 
  

d)

 

Mass Fraction of H2O

 

The contour and XY Plot of water Mass fraction 
for the flow field downstream of the injector is shown in 
the fig 10 and fig 11. From the figure 10and 11 it is 
observed that, water concentration is found to be 
maximum value of 0.1259681 in the shear layer formed 
between the two streams of flow and the low-velocity 

recirculation regions within the core of the upcoming jet. 
Typically, when dealing the chemical reaction, it’s 
important to remember that mass is conserved, so the 
mass of product is same as the mass of reactance. 
Even though the element exists in different the total 
mass of each chemical element must be same on the 
both side of equation.

  
 
 
 

 
 

 
 

Fig

 

10

 

: Mass fraction of H2O
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e)

 

Mass Fraction of O2

 

The contour and XY Plot of O2

 

Mass fraction for 
the flow field downstream of the injector is shown in the 
figure 12 and figure 13. Oxygen is increased in every 
combustion reaction in combustion applications and air 
provides the required oxygen. All components other 
than air collected together with nitrogen. In air 21% of 

oxygen and 79% of nitrogen are present on a molar 
basis. From the figure 12 it is observed that, the 
maximum mass fraction of O2

 

is 0.213 which is seen at 
the beginning of combustion. Figure 13 shows that the 
profile between the mass fraction

 

of O2

 

and the position 
of the combustion on all conditions such as air inlet, fuel 
inlet, pressure outlet, default interior and all walls.

 
 
 
 

 
 
 
 

 
 
 
 

Fig 12

 

: Contour of Mass Fraction of O2
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Fig 13

 

:

 

XY Plot of Mass Fraction of O2

 

 

f)

 

Mass Fraction of OH

 

The contour of mass fraction of OH is shown in 
figure 14. From the figure 14 it is observed that, the 
maximum mass fraction of OH is 0.001454 which is 
found out after combustion, where the minimum value is 

0. Figure 15 shows that the profile between the mass 
fraction of OH and the position of the combustion on all 
conditions such as air inlet, fuel inlet, pressure outlet, 
default interior and all walls.

 

 

 
 

 
 
 

Fig 14

 

: Contour of Mass Fraction of OH
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V.
 

Conclusion
 

The computational analysis of 2D cavity-based 
fuel injector was carried out with k-Ɛ

 
turbulence model 

for exposing the flow structure of progress of hydrogen 
jet through the areas disturbed by the reflections of 
oblique shock. For that single step reaction kinetics has 
been used to model the chemistry. The k-ε

 
turbulence 

model also predicted the fluctuations in those regions 
where the turbulence is reasonably isotropic. From the 
maximum mass fraction of OH a very small amount of 
OH (1.45e-03) was observed after combustion. From 
the above analysis, it is observed that for a scramjet 
engine having a wall injector with a cavity of L/D=5, if 
hydrogen is injected at a speed of Mach 1.5 to an 
incoming air stream at Mach 3.12 speed, a rich air-fuel

 

mixture can be achieved and efficient combustion of this 
mixture gives a maximum temperature of 1789K at the 
outlet of the combustor. Also, there is a weak shock 
formation. Hence, better flame holding can be achieved 
if the wall injector is coupled with a

 
cavity having with an 

L/D ratio of 5. Due to ever increasing human need for 
greater speed and reduced travel time, hypersonic 
combustion systems will become more and more 
important in the future. As the mixing time for fuel in the 
combustor system is very

 
less (~1ms), newer and 

better injection systems have to be developed that 
enhance fuel-air mixing and reduce ignition delay 
period, thus increasing both combustion efficiency and 
thrust.
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2. ETHICAL GUIDELINES 

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

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

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

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

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

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

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

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

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

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

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

Please mention proper reference and appropriate acknowledgements wherever expected. 

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

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

3. SUBMISSION OF MANUSCRIPTS 

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

Manuscript submission is a systematic procedure and little preparation is required beyond having all parts of your manuscript in a given 
format and a computer with an Internet connection and a Web browser. Full help and instructions are provided on-screen. As an author, 
you will be prompted for login and manuscript details as Field of Paper and then to upload your manuscript file(s) according to the 
instructions. 
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To avoid postal delays, all transaction is preferred by e-mail. A finished manuscript submission is confirmed by e-mail immediately and 
your paper enters the editorial process with no postal delays. When a conclusion is made about the publication of your paper by our 
Editorial Board, revisions can be submitted online with the same procedure, with an occasion to view and respond to all comments. 

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

4. MANUSCRIPT’S CATEGORY 

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

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

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

Research articles: These are handled with small investigation and applications 

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

5.STRUCTURE AND FORMAT OF MANUSCRIPT 

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

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

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

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

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

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

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

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

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

(h) Brief Acknowledgements. 

(i) References in the proper form. 

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

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

 Format 

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

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

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

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

Structure 

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

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

 Abstract, used in Original Papers and Reviews: 

Optimizing Abstract for Search Engines 

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

Key Words 

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

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

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

Choice of key words is first tool of tips to write research paper. Research paper writing is an art.A few tips for deciding as strategically as 
possible about keyword search: 
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• One should start brainstorming lists of possible keywords before even begin searching. Think about the most 
important concepts related to research work. Ask, "What words would a source have to include to be truly 
valuable in research paper?" Then consider synonyms for the important words. 

• It may take the discovery of only one relevant paper to let steer in the right keyword direction because in most 
databases, the keywords under which a research paper is abstracted are listed with the paper. 

• One should avoid outdated words. 

Keywords are the key that opens a door to research work sources. Keyword searching is an art in which researcher's skills are 
bound to improve with experience and time. 

 Numerical Methods: Numerical methods used should be clear and, where appropriate, supported by references. 

Acknowledgements: Please make these as concise as possible. 

 References 

References follow the Harvard scheme of referencing. References in the text should cite the authors' names followed by the time of their 
publication, unless there are three or more authors when simply the first author's name is quoted followed by et al. unpublished work 
has to only be cited where necessary, and only in the text. Copies of references in press in other journals have to be supplied with 
submitted typescripts. It is necessary that all citations and references be carefully checked before submission, as mistakes or omissions 
will cause delays. 

References to information on the World Wide Web can be given, but only if the information is available without charge to readers on an 
official site. Wikipedia and Similar websites are not allowed where anyone can change the information. Authors will be asked to make 
available electronic copies of the cited information for inclusion on the Global Journals Inc. (US) homepage at the judgment of the 
Editorial Board. 

The Editorial Board and Global Journals Inc. (US) recommend that, citation of online-published papers and other material should be done 
via a DOI (digital object identifier). If an author cites anything, which does not have a DOI, they run the risk of the cited material not 
being noticeable. 

The Editorial Board and Global Journals Inc. (US) recommend the use of a tool such as Reference Manager for reference management 
and formatting. 

 Tables, Figures and Figure Legends 

Tables: Tables should be few in number, cautiously designed, uncrowned, and include only essential data. Each must have an Arabic 
number, e.g. Table 4, a self-explanatory caption and be on a separate sheet. Vertical lines should not be used. 

Figures: Figures are supposed to be submitted as separate files. Always take in a citation in the text for each figure using Arabic numbers, 
e.g. Fig. 4. Artwork must be submitted online in electronic form by e-mailing them. 

 Preparation of Electronic Figures for Publication 

Even though low quality images are sufficient for review purposes, print publication requires high quality images to prevent the final 
product being blurred or fuzzy. Submit (or e-mail) EPS (line art) or TIFF (halftone/photographs) files only. MS PowerPoint and Word 
Graphics are unsuitable for printed pictures. Do not use pixel-oriented software. Scans (TIFF only) should have a resolution of at least 350 
dpi (halftone) or 700 to 1100 dpi (line drawings) in relation to the imitation size. Please give the data for figures in black and white or 
submit a Color Work Agreement Form. EPS files must be saved with fonts embedded (and with a TIFF preview, if possible). 

For scanned images, the scanning resolution (at final image size) ought to be as follows to ensure good reproduction: line art: >650 dpi; 
halftones (including gel photographs) : >350 dpi; figures containing both halftone and line images: >650 dpi. 
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Color Charges: It is the rule of the Global Journals Inc. (US) for authors to pay the full cost for the reproduction of their color artwork. 
Hence, please note that, if there is color artwork in your manuscript when it is accepted for publication, we would require you to 
complete and return a color work agreement form before your paper can be published. 

Figure Legends: Self-explanatory legends of all figures should be incorporated separately under the heading 'Legends to Figures'. In the 
full-text online edition of the journal, figure legends may possibly be truncated in abbreviated links to the full screen version. Therefore, 
the first 100 characters of any legend should notify the reader, about the key aspects of the figure. 

6. AFTER ACCEPTANCE 

Upon approval of a paper for publication, the manuscript will be forwarded to the dean, who is responsible for the publication of the 
Global Journals Inc. (US). 

 6.1 Proof Corrections 

The corresponding author will receive an e-mail alert containing a link to a website or will be attached. A working e-mail address must 
therefore be provided for the related author. 

Acrobat Reader will be required in order to read this file. This software can be downloaded 

(Free of charge) from the following website: 

www.adobe.com/products/acrobat/readstep2.html. This will facilitate the file to be opened, read on screen, and printed out in order for 
any corrections to be added. Further instructions will be sent with the proof. 

Proofs must be returned to the dean at dean@globaljournals.org within three days of receipt. 

As changes to proofs are costly, we inquire that you only correct typesetting errors. All illustrations are retained by the publisher. Please 
note that the authors are responsible for all statements made in their work, including changes made by the copy editor. 

 6.2 Early View of Global Journals Inc. (US) (Publication Prior to Print) 

The Global Journals Inc. (US) are enclosed by our publishing's Early View service. Early View articles are complete full-text articles sent in 
advance of their publication. Early View articles are absolute and final. They have been completely reviewed, revised and edited for 
publication, and the authors' final corrections have been incorporated. Because they are in final form, no changes can be made after 
sending them. The nature of Early View articles means that they do not yet have volume, issue or page numbers, so Early View articles 
cannot be cited in the conventional way. 

 6.3 Author Services 

Online production tracking is available for your article through Author Services. Author Services enables authors to track their article - 
once it has been accepted - through the production process to publication online and in print. Authors can check the status of their 
articles online and choose to receive automated e-mails at key stages of production. The authors will receive an e-mail with a unique link 
that enables them to register and have their article automatically added to the system. Please ensure that a complete e-mail address is 
provided when submitting the manuscript. 

 6.4 Author Material Archive Policy 

Please note that if not specifically requested, publisher will dispose off hardcopy & electronic information submitted, after the two 
months of publication. If you require the return of any information submitted, please inform the Editorial Board or dean as soon as 
possible. 

 6.5 Offprint and Extra Copies 

A PDF offprint of the online-published article will be provided free of charge to the related author, and may be distributed according to 
the Publisher's terms and conditions. Additional paper offprint may be ordered by emailing us at: editor@globaljournals.org . 
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the search? Will I be able to find all information in this field area? If the answer of these types of questions will be "Yes" then you can 

choose that topic. In most of the cases, you may have to conduct the surveys and have to visit several places because this field is related 

to Computer Science and Information Technology. Also, you may have to do a lot of work to find all rise and falls regarding the various 

data of that subject. Sometimes, detailed information plays a vital role, instead of short information. 

 

 

2. Evaluators are human: First thing to remember that evaluators are also human being. They are not only meant for rejecting a paper. 

They are here to evaluate your paper. So, present your Best. 

3. Think Like Evaluators: If you are in a confusion or getting demotivated that your paper will be accepted by evaluators or not, then 

think and try to evaluate your paper like an Evaluator. Try to understand that what an evaluator wants in your research paper and 

automatically you will have your answer. 

4. Make blueprints of paper: The outline is the plan or framework that will help you to arrange your thoughts. It will make your paper 

logical. But remember that all points of your outline must be related to the topic you have chosen.  

5. Ask your Guides: If you are having any difficulty in your research, then do not hesitate to share your difficulty to your guide (if you 

have any). They will surely help you out and resolve your doubts. If you can't clarify what exactly you require for your work then ask the 

supervisor to help you with the alternative. He might also provide you the list of essential readings. 

6. Use of computer is recommended: As you are doing research in the field of Computer Science, then this point is quite obvious. 

 

7. Use right software: Always use good quality software packages. If you are not capable to judge good software then you can lose 

quality of your paper unknowingly. There are various software programs available to help you, which you can get through Internet. 

 

8. Use the Internet for help: An excellent start for your paper can be by using the Google. It is an excellent search engine, where you can 

have your doubts resolved. You may also read some answers for the frequent question how to write my research paper or find model 

research paper. From the internet library you can download books. If you have all required books make important reading selecting and 

analyzing the specified information. Then put together research paper sketch out. 

9. Use and get big pictures: Always use encyclopedias, Wikipedia to get pictures so that you can go into the depth. 

 

10. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right! It is a good habit, which helps to 

not to lose your continuity. You should always use bookmarks while searching on Internet also, which will make your search easier. 

 

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

12. Make all efforts: Make all efforts to mention what you are going to write in your paper. That means always have a good start. Try to 

mention everything in introduction, that what is the need of a particular research paper. Polish your work by good skill of writing and 

always give an evaluator, what he wants. 

13. Have backups: When you are going to do any important thing like making research paper, you should always have backup copies of it 

either in your computer or in paper. This will help you to not to lose any of your important. 

14. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality. Using several 

and unnecessary diagrams will degrade the quality of your paper by creating "hotchpotch." So always, try to make and include those 

diagrams, which are made by your own to improve readability and understandability of your paper. 

15. Use of direct quotes: When you do research relevant to literature, history or current affairs then use of quotes become essential but 

if study is relevant to science then use of quotes is not preferable.  
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16. Use proper verb tense: Use proper verb tenses in your paper. Use past tense, to present those events that happened. Use present 

tense to indicate events that are going on. Use future tense to indicate future happening events. Use of improper and wrong tenses will 

confuse the evaluator. Avoid the sentences that are incomplete. 

17. Never use online paper: If you are getting any paper on Internet, then never use it as your research paper because it might be 

possible that evaluator has already seen it or maybe it is outdated version.  

18.
 
Pick a good study spot: To do your research studies always try to pick a spot, which is quiet. Every spot is not for studies. Spot that 

suits you choose it and proceed further. 

19. Know what you know: Always try to know, what you know by making objectives. Else, you will be confused and cannot achieve your 

target. 

 20. Use good quality grammar: Always use a good quality grammar and use words that will throw positive impact on evaluator. Use of 

good quality grammar does not mean to use tough words, that for each word the evaluator has to go through dictionary. Do not start 

sentence with a conjunction. Do not fragment sentences. Eliminate one-word sentences. Ignore passive voice. Do not ever use a big 

word when a diminutive one would suffice. Verbs have to be in agreement with their subjects. Prepositions are not expressions to finish 

sentences with. It is incorrect to ever divide an infinitive. Avoid clichés like the disease. Also, always shun irritating alliteration. Use 

language that is simple and straight forward. put together a neat summary. 

21. Arrangement of information: Each section of the main body should start with an opening sentence and there should be a 

changeover at the end of the section. Give only valid and powerful arguments to your topic. You may also maintain your arguments with 

records. 

 22. Never start in last minute: Always start at right time and give enough time to research work. Leaving everything to the last minute 

will degrade your paper and spoil your work. 

23. Multitasking in research is not good: Doing several things at the same time proves bad habit in case of research activity. Research is 

an area, where everything has a particular time slot. Divide your research work in parts and do particular part in particular time slot. 

 24. Never copy others' work: Never copy others' work and give it your name because if evaluator has seen it anywhere you will be in 

trouble. 

 25. Take proper rest and food: No matter how many hours you spend for your research activity, if you are not taking care of your health 

then all your efforts will be in vain. For a quality research, study is must, and this can be done by taking proper rest and food.  

 26. Go for seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources. 

27. Refresh your mind after intervals: Try to give rest to your mind by listening to soft music or by sleeping in intervals. This will also 

improve your memory. 

28. Make colleagues: Always try to make colleagues. No matter how sharper or intelligent you are, if you make colleagues you can have 

several ideas, which will be helpful for your research. 

29.

 

Think technically: Always think technically. If anything happens, then search its reasons, its benefits, and demerits. 

 30. Think and then print: When you will go to print your paper, notice that tables are not be split, headings are not detached from their 

descriptions, and page sequence is maintained.  

31. Adding unnecessary information: Do not add unnecessary information, like, I have used MS Excel to draw graph. Do not add 

irrelevant and inappropriate material. These all will create superfluous. Foreign terminology and phrases are not apropos. One should 

NEVER take a broad view. Analogy in script is like feathers on a snake. Not at all use a large word when a very small one would be 
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sufficient. Use words properly, regardless of how others use them. Remove quotations. Puns are for kids, not grunt readers. 

Amplification is a billion times of inferior quality than sarcasm. 

32. Never oversimplify everything: To add material in your research paper, never go for oversimplification. This will definitely irritate the 

evaluator. Be more or less specific. Also too, by no means, ever use rhythmic redundancies. Contractions aren't essential and shouldn't 

be there used. Comparisons are as terrible as clichés. Give up ampersands and abbreviations, and so on. Remove commas, that are, not 

necessary. Parenthetical words however should be together with this in commas. Understatement is all the time the complete best way 

to put onward earth-shaking thoughts. Give a detailed literary review. 

33. Report concluded results: Use concluded results. From raw data, filter the results and then conclude your studies based on 

measurements and observations taken. Significant figures and appropriate number of decimal places should be used. Parenthetical 

remarks are prohibitive. Proofread carefully at final stage. In the end give outline to your arguments. Spot out perspectives of further 

study of this subject. Justify your conclusion by at the bottom of them with sufficient justifications and examples. 

 

34. After conclusion: Once you have concluded your research, the next most important step is to present your findings. Presentation is 

extremely important as it is the definite medium though which your research is going to be in print to the rest of the crowd. Care should 

be taken to categorize your thoughts well and present them in a logical and neat manner. A good quality research paper format is 

essential because it serves to highlight your research paper and bring to light all necessary aspects in your research. 

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING 

Key points to remember:  

 Submit all work in its final form. 

 Write your paper in the form, which is presented in the guidelines using the template. 

 Please note the criterion for grading the final paper by peer-reviewers. 

Final Points:  

A purpose of organizing a research paper is to let people to interpret your effort selectively. The journal requires the following sections, 

submitted in the order listed, each section to start on a new page.  

The introduction will be compiled from reference matter and will reflect the design processes or outline of basis that direct you to make 

study. As you will carry out the process of study, the method and process section will be constructed as like that. The result segment will 

show related statistics in nearly sequential order and will direct the reviewers next to the similar intellectual paths throughout the data 

that you took to carry out your study. The discussion section will provide understanding of the data and projections as to the implication 

of the results. The use of good quality references all through the paper will give the effort trustworthiness by representing an alertness 

of prior workings. 

Writing a research paper is not an easy job no matter how trouble-free the actual research or concept. Practice, excellent preparation, 

and controlled record keeping are the only means to make straightforward the progression.  

General style: 

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general guidelines. 

 
To make a paper clear 

· Adhere to recommended page limits 

Mistakes to evade 

 
Insertion a title at the foot of a page with the subsequent text on the next page 
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 Separating a table/chart or figure - impound each figure/table to a single page 

 Submitting a manuscript with pages out of sequence 

In every sections of your document 

· Use standard writing style including articles ("a", "the," etc.) 

· Keep on paying attention on the research topic of the paper 

 

· Use paragraphs to split each significant point (excluding for the abstract) 

 

· Align the primary line of each section 

 

· Present your points in sound order 

 

· Use present tense to report well accepted  

 

· Use past tense to describe specific results  

 

· Shun familiar wording, don't address the reviewer directly, and don't use slang, slang language, or superlatives  

 

· Shun use of extra pictures - include only those figures essential to presenting results 

 

Title Page: 

 
Choose a revealing title. It should be short. It should not have non-standard acronyms or abbreviations. It should not exceed two printed 

lines. It should include the name(s) and address (es) of all authors. 

 
Abstract:  

 
The summary should be two hundred words or less. It should briefly and clearly explain the key findings reported in the manuscript--

must have precise statistics. It should not have abnormal acronyms or abbreviations. It should be logical in itself. Shun citing references 

at this point. 

 
An abstract is a brief distinct paragraph summary of finished work or work in development. In a minute or less a reviewer can be taught 

the foundation behind the study, common approach to the problem, relevant results, and significant conclusions or new questions.  

 
Write your summary when your paper is completed because how can you write the summary of anything which is not yet written? 

Wealth of terminology is very essential in abstract. Yet, use comprehensive sentences and do not let go readability for briefness. You can 

maintain it succinct by phrasing sentences so that they provide more than lone rationale. The author can at this moment go straight to                    
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shortening the outcome. Sum up the study, with the subsequent elements in any summary. Try to maintain the initial two items to no 

more than one ruling each.  

 Reason of the study - theory, overall issue, purpose 

 Fundamental goal 

 To the point depiction of the research 

 Consequences, including definite statistics - if the consequences are quantitative in nature, account quantitative data; results 
of any numerical analysis should be reported 

 Significant conclusions or questions that track from the research(es) 

Approach: 

 
Single section, and succinct 

 
As a outline of job done, it is always written in past tense 

 
A conceptual should situate on its own, and not submit to any other part of the paper such as a form or table 

 
Center on shortening results - bound background information to a verdict or two, if completely necessary 

 
What you account in an conceptual must be regular with what you reported in the manuscript 

 
Exact spelling, clearness of sentences and phrases, and appropriate reporting of quantities (proper units, important statistics) 
are just as significant in an abstract as they are anywhere else 

Introduction:  

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

 
Explain the value (significance) of the study  

 
Shield the model - why did you employ this particular system or method? What is its compensation? You strength remark on its 
appropriateness from a abstract point of vision as well as point out sensible reasons for using it. 

 
Present a justification. Status your particular theory (es) or aim(s), and describe the logic that led you to choose them. 

 
Very for a short time explain the tentative propose and how it skilled the declared objectives. 

Approach: 

 
Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job is 
done.  

 
Sort out your thoughts; manufacture one key point with every section. If you make the four points listed above, you will need a 
least of four paragraphs. 

 
Present surroundings information only as desirable in order hold up a situation. The reviewer does not desire to read the 
whole thing you know about a topic. 

 
Shape the theory/purpose specifically - do not take a broad view. 

 
As always, give awareness to spelling, simplicity and correctness of sentences and phrases. 

Procedures (Methods and Materials): 

 This part is supposed to be the easiest to carve if you have good skills. A sound written Procedures segment allows a capable scientist to 
replacement your results. Present precise information about your supplies. The suppliers and clarity of reagents can be helpful bits of 
information. Present methods in sequential order but linked methodologies can be grouped as a segment. Be concise when relating the 
protocols. Attempt for the least amount of information that would permit another capable scientist to spare your outcome but be 
cautious that vital information is integrated. The use of subheadings is suggested and ought to be synchronized with the results section. 
When a technique is used that has been well described in another object, mention the specific item describing a way but draw the basic                  
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principle while stating the situation. The purpose is to text all particular resources and broad procedures, so that another person may 
use some or all of the methods in one more study or referee the scientific value of your work. It is not to be a step by step report of the 
whole thing you did, nor is a methods section a set of orders. 
 
Materials: 

 Explain materials individually only if the study is so complex that it saves liberty this way. 

 Embrace particular materials, and any tools or provisions that are not frequently found in laboratories.  

 Do not take in frequently found. 

 If use of a definite type of tools. 

 Materials may be reported in a part section or else they may be recognized along with your measures. 

Methods:  

Report the method (not particulars of each process that engaged the same methodology) 

 
Describe the method entirely 

 
To be succinct, present methods under headings dedicated to specific dealings or groups of measures 

 
Simplify - details how procedures were completed not how they were exclusively performed on a particular day.  

 
If well known procedures were used, account the procedure by name, possibly with reference, and that's all.  

Approach:  

 
It is embarrassed or not possible to use vigorous voice when documenting methods with no using first person, which would 
focus the reviewer's interest on the researcher rather than the job. As a result when script up the methods most authors use 
third person passive voice. 

 
Use standard style in this and in every other part of the paper - avoid familiar lists, and use full sentences. 

What to keep away from 

 
Resources and methods are not a set of information. 

 
Skip all descriptive information and surroundings - save it for the argument. 

 
Leave out information that is immaterial to a third party. 

Results: 
 

 The principle of a results segment is to present and demonstrate your conclusion. Create this part a entirely objective details of the 
outcome, and save all understanding for the discussion. 

 The page length of this segment is set by the sum and types of data to be reported. Carry on to be to the point, by means of statistics and 
tables, if suitable, to present consequences most efficiently.You must obviously differentiate material that would usually be incorporated 
in a study editorial from any unprocessed data or additional appendix matter that would not be available. In fact, such matter should not 
be submitted at all except requested by the instructor. 

 Content 

 

Sum up your conclusion in text and demonstrate them, if suitable, with figures and tables.  

 

In manuscript, explain each of your consequences, point the reader to remarks that are most appropriate. 

 

Present a background, such as by describing the question that was addressed by creation an exacting study.

 

 

Explain results of control experiments and comprise remarks that are not accessible in a prescribed figure or table, if 
appropriate. 

 

Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or in manuscript form. 
What to stay away from 

 

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

 

Not at all, take in raw data or intermediate calculations in a research manuscript. 
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Do not present the similar data more than once. 

Manuscript should complement any figures or tables, not duplicate the identical information. 

Never confuse figures with tables - there is a difference. 
Approach 

As forever, use past tense when you submit to your results, and put the whole thing in a reasonable order.

Put figures and tables, appropriately numbered, in order at the end of the report  

If you desire, you may place your figures and tables properly within the text of your results part. 
Figures and tables 

If you put figures and tables at the end of the details, make certain that they are visibly distinguished from any attach appendix 
materials, such as raw facts 

Despite of position, each figure must be numbered one after the other and complete with subtitle  

In spite of position, each table must be titled, numbered one after the other and complete with heading 

All figure and table must be adequately complete that it could situate on its own, divide from text 
Discussion:  

The Discussion is expected the trickiest segment to write and describe. A lot of papers submitted for journal are discarded based on
problems with the Discussion. There is no head of state for how long a argument should be. Position your understanding of the outcome
visibly to lead the reviewer through your conclusions, and then finish the paper with a summing up of the implication of the study. The
purpose here is to offer an understanding of your results and hold up for all of your conclusions, using facts from your research and
generally accepted information, if suitable. The implication of result should be visibly described. 
Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact you must explain mechanisms
that may account for the observation. If your results vary from your prospect, make clear why that may have happened. If your results
agree, then explain the theory that the proof supported. It is never suitable to just state that the data approved with prospect, and let it
drop at that. 

Make a decision if each premise is supported, discarded, or if you cannot make a conclusion with assurance. Do not just dismiss
a study or part of a study as "uncertain." 

Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results that
you have, and take care of the study as a finished work  

You may propose future guidelines, such as how the experiment might be personalized to accomplish a new idea. 

Give details all of your remarks as much as possible, focus on mechanisms. 

Make a decision if the tentative design sufficiently addressed the theory, and whether or not it was correctly restricted. 

Try to present substitute explanations if sensible alternatives be present. 

One research will not counter an overall question, so maintain the large picture in mind, where do you go next? The best
studies unlock new avenues of study. What questions remain? 

Recommendations for detailed papers will offer supplementary suggestions.
Approach:  

When you refer to information, differentiate data generated by your own studies from available information 

Submit to work done by specific persons (including you) in past tense.  

Submit to generally acknowledged facts and main beliefs in present tense.  

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

Please carefully note down following rules and regulation before submitting your Research Paper to Global Journals Inc. (US):  

Segment Draft and Final Research Paper: You have to strictly follow the template of research paper. If it is not done your paper may get

rejected.  
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Do not give permission to anyone else to "PROOFREAD" your manuscript. 

Methods to avoid Plagiarism is applied by us on every paper, if found guilty, you will be blacklisted by all of our collaborated
research groups, your institution will be informed for this and strict legal actions will be taken immediately.) 

To guard yourself and others from possible illegal use please do not permit anyone right to use to your paper and files. 

The major constraint is that you must independently make all content, tables, graphs, and facts that are offered in the paper.
You must write each part of the paper wholly on your own. The Peer-reviewers need to identify your own perceptive of the
concepts in your own terms. NEVER extract straight from any foundation, and never rephrase someone else's analysis. 
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CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS INC. (US)

Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading 

solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after 

decision of Paper. This report will be the property of Global Journals Inc. (US).

Topics Grades

A-B C-D E-F

Abstract

Clear and concise with 

appropriate content, Correct 

format. 200 words or below 

Unclear summary and no 

specific data, Incorrect form

Above 200 words 

No specific data with ambiguous 

information

Above 250 words

Introduction

Containing all background 

details with clear goal and 

appropriate details, flow 

specification, no grammar 

and spelling mistake, well 

organized sentence and 

paragraph, reference cited

Unclear and confusing data, 

appropriate format, grammar 

and spelling errors with 

unorganized matter

Out of place depth and content, 

hazy format

Methods and 

Procedures

Clear and to the point with 

well arranged paragraph, 

precision and accuracy of 

facts and figures, well 

organized subheads

Difficult to comprehend with 

embarrassed text, too much 

explanation but completed 

Incorrect and unorganized 

structure with hazy meaning

Result

Well organized, Clear and 

specific, Correct units with 

precision, correct data, well 

structuring of paragraph, no 

grammar and spelling 

mistake

Complete and embarrassed 

text, difficult to comprehend

Irregular format with wrong facts 

and figures

Discussion

Well organized, meaningful 

specification, sound 

conclusion, logical and 

concise explanation, highly 

structured paragraph 

reference cited 

Wordy, unclear conclusion, 

spurious

Conclusion is not cited, 

unorganized, difficult to 

comprehend 

References

Complete and correct 

format, well organized

Beside the point, Incomplete Wrong format and structuring

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

XIX



A

 

Assembly

 

· 1, 2, 3, 4, 5, 7, 8, 10, 11, 12, 14, 15, 17, 18, 19, 20, 
21

 

C

 

coefficients

 

· 27

 

Combustion

 

· 1, 58, 60, 61, 63, 65, 66, 67, 68, 69, 70, 71, 73, II

 

Computational

 

· 1, 19, 50, 58, 60, 61, 63, 65, 66, 67, 68, 69, 70, 
71, 73, II

 

Conceptualization

 

· 45

 

Cryorolled

 

· 1, 53, 55, 56, 57

 

cryorolling

 

· 53, 54, 55, 56

 

cumulative

 

· 49

 

D

 

demonstrates

 

· 24

 

E

 

Electrostatic

 

· 43, 50

 

Empirical

 

· 1, 2, 4, 5, 7, 8, 10, 11, 12, 14, 15, 17, 18, 19, 21

 

H

 

Heuristic

 

· 2, 5, 19

 

hydraulic

 

· 22

 

hydrocarbon

 

· 59

 

I

 

Implementation

 

· 1, 2, 4, 5, 7, 8, 10, 11, 12, 14, 15, 17, 18, 19, 
21

 

Injector

 

· 1, 58, 60, 61, 63, 65, 66, 67,

 

68, 69, 70, 71, 73, II

 

isotropic

 

· 71

 

M

 

Monorail

 

· 14

 

N

 

Non-Premixed

 

· 1, 58, 60, 61, 63, 65, 66, 67, 68, 69, 70, 71, 73

 

O

 

Orthogonal

 

· 43

 

P

 

parametric

 

· 41

 

predecessors

 

· 5, 15

 

R

 

recirculation

 

· 59, 60, 68

 

S

 

supersonic

 

· 58, 59, 60, 61, 65

 

surrogate

 

· 8

 

T

 

Taguchi

 

· 1, 43, 44, 45, 46, 47, 48, 49, 50, 52

 

Tensile

 

· 1, 53, 55, 56, 57

 

thermal

 

· 1, 22, 24, 26, 27, 29, 30, 31, 33, 35, 37, 39, 41, 42, 43, 
53, 58, 62, 63, 65

 

V

 

volumetric

 

· 24, 27, 29, 61

 

Z

 

Zircaloy-2

 

· 1, 53, 55

 

 Index 



2012 by Global Journals


	Mechanical and Mechanics Engineering
	Volume 12 Issue 3(Ver. 1.0)
	Copyright Policies
	HonourableBoard Members
	Chief Author
	Contents
	1.An Empirical Investigation of Assembly Line BalancingTechniques and Optimized Implementation Approach forEfficiency Improvements
	2. Robust Optimization of Fins by Taguchi Technique
	3. Tensile Behavior of Cryorolled Zircaloy-2
	4. Computational Analysis of Combustion Chamber UsingCavity-based fuel Injector with Non-Premixed CombustionModel
	Fellows
	Auxiliary Memberships
	Process of submission of Research Paper
	Author Guidelines
	Index

