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Abstract-

 

Clean rooms today are highly technological solutions 
with very high demands on the air cleanliness level. Using 
kerosene heater for cooking as well as cigarette smoking is 
important indoor source of fine and coarse particles. It is 
important to estimate the level of air cleanliness in the cases of 
new production or reconstruction of a clean room. The air 
cleanliness level in a clean room is dependent on the quality of 
the supply air, contamination sources and the design of the 
ventilation system. By making proper design of air 
conditioning and ventilation system, the air cleanliness level 
can be controlled. The number of particulate matter also 
depends on humidity and temperature in the room at different 
times. In this study, indoor and outdoor air quality has been 
measured by an optical particle counter and experimental 
studies have been carried out to make the indoor air free from 
particulate matter. Different methods have been prescribed to 
make the indoor air free from particulate pollution.  The results 
obtained from this experiment can be helpful to take 
necessary steps to keep the indoor air cleaner.

 

Keywords:

 

outdoor air; indoor air; air filtration; 
particulate matter (pm); room environment.

 
I.

 

Introduction

 
he Environmental Protection Agency (EPA) of USA 
lists indoor air quality among the top 5 risks to 
human health, probably because indoor air can be 

2-5 times more polluted than outdoor air. While 
homeowners can’t see the majority of indoor air 
contaminants, every cubic foot of air breathed carries a 
mixture of millions of microscopic particles such as 
pollen, mold spores and dust mite debris. In small 
concentrations, these particles and gasses may cause 
discomfort in the home.

  

In significant concentrations, 
they can cause sickness as these are among the most 
troublesome triggers of such ailments as asthma and 
allergies.

 

Particulate matter is the reason of particle 
pollution and it is a complex mixture of extremely small 
particles and liquid droplets suspended in a gas, which 
is usually air. Particulate pollution made up of a number 
of components, including acids (such as nitrates and 
sulfates), organic chemicals, metals and soil or dust 
particles. These particles can be suspended in the air 
for long periods of time. Some particles are large or dark 

enough to be seen as soot or smoke. Others are so 
small that individually they can only be detected with an 
electron microscope. Normally they are classified as 
coarse particles equal or greater than 10 µm and fine 
particles are less than 2.5 µm. Particulate matter is 
primarily formed from chemical reactions in the 
atmosphere and through fuel combustion with 
insufficient oxygen e.g. motor vehicles, power 
generation, industrial facilities, residential fire places, 
wood stoves and agricultural burning. Most people 
spend most of their time indoors. The most recent 
nationwide study of time budgets (Robinson and 
Nelson, 1995), based on  interviews with 9.386 
respondents in 1993-1994, indicates that US residents 
spend 87.2%of their time indoors, 7.25 in or near a 
vehicle and only 5.65 outdoors. This paper deals with 
field studies of particles indoors and outdoors, 
concentrating particularly on large-scale surveys of 
homes and buildings. The observed indoor particle 
concentrations are presented, together with the 
contributions of these studies toward understanding 
important parameters such as air exchange rates, 
source emission rates and penetration factors. 

The manner in which particles are formed 
determines the size and composition of particles. The 
four main mechanisms of particulate matter formation 
described below. 
• Physical attrition 
• Combustion particle burnout. 
•
 

Homogeneous nucleation and heterogeneous
 nucleation of vapor phase compounds in hot gas 

streams.
 

•
 

Release of solids during the evaporation of solids 
containing droplets in hot gas streams.

 
II.

 
Experimental

 
Procedure

 
In this experiment, outdoor and indoor air 

qualities were measured. The experiments were carried 
out in four different locations in Rajshahi city to measure 
the outdoor air quality as well as in Higher Education 
Quality Enhancement Project (HEQEP) sub project CP-
521 office room in Rajshahi University of Engineering 
and Technology (RUET),  Rajshahi for indoor air quality. 
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Rajshahi city is the headquarter of Rajshahi division and 
is situated in north-western region of Bangladesh at 



  
 

  
  

latitude 24° N

 

and

 

longitude 88° E.

 

Its total area is 
96.69

 

km2

 

(37.33

 

sq.

 

miles).

  a)

 

Measurement of Outdoor air quality

 
Measurement of particulate matter (PM) was 

done in four different locations in Rajshahi city. The 
factors considered, while selecting a location, are:

 •

 

the total number of people is living into the location.

 •

 

the environmental condition around in location that 
affects the generation of particulate matter.

 •

 

the number of vehicles passing through

 

or near the 
location and

 •

 

the number of industries and factories in or around 
the locations.

 
On the basis of above factors the following 

locations in the city were selected:

 
•

 

Alupotti crossing.

 
•

 

RDA market.

 
•

 

Bus Terminal.

 
•

 

Kumar para.

 b)

 

Measurement of Indoor Air

 

Quality

 
The Higher Education Quality Enhancement 

Project (HEQEP) sub project CP-521 office room in 
RUET, Rajshahi was selected to investigate particulate 
matter in the room. The particle concentration in a room 
depends on:

 

 

Ventilation system.

 

 

Number of doors and windows.

 

 

Positioning of doors and windows.

 

 

Length, width and height of the room.

 

 

Use of water heater and cooler in the room.

 

 

No. of air conditioner in the room.

 

 

Penetration rate.

 

 

Indoor air contaminants e.g., chemical, dust, 
bacteria, gases, vapors.

 

 

Quality of outdoor air.

 The number of particulate matter (PM) per unit 
of volume of the room was measured in both using and 
not using air conditioner. The room had only one ceiling 
fan and no ventilator. For measuring the concentration 
of particulate matter, the following conditions were taken 
for office room:

 

 

Closing all doors and windows with ceiling fan on.

 

 

Closing all doors and windows with ceiling fan off.

 

 

Opening all doors and windows with ceiling fan on.

 

 

Opening all doors and windows with ceiling fan off.

 



 

Fitting filters to windows with windows open. 

 

The Optical Particle Counter (OPC) SOLAIR-
3100 of Lighthouse, UK, was used to measure the 
particle size distribution in both outdoor and indoor air. 
The specification of the OPC is given in APPENDIX I and 
the photographic view of the OPC is shown in Fig.1.

  
 

Figure 1

 

:

 

Photographic view of Optical Particle Counter 
SOLAIR 3100

 

The device was operated with battery. The 
sampling probes were connected to the terminal. By 
pressing the power switch the device was turned on. 
Measuring mood, particle size, data storage, data 
printing, sampling time, frequency, delay and holding 
times were set up. The particle size range was 0.3 to 25 
micrometers. Then sampling time was selected as 30 
seconds for measurement. After that the interval was 
selected. It ranges from 1 sec to 24 hrs. We selected the 
interval between each measurement was one minute. 
Count per cubic meter was selected as measuring unit. 
Then the “OK” key was pressed to conform the setting 
and then pressed “SET” key to shift the measurement 
screen. After taking each data the machine was 
switched off. Once the measurement was finished, the 
data was dumped from the device. After getting all the 
data we made the device set at OFF.

 

III.

 

Results and

 

Discussion

 

Figs. 2 to 5 show the particle size distribution in 
different locations of Rajshahi city for outdoor air quality. 
From the figures it is clear that Maximum PM was found 
at Alupotti crossing and then the particle concentration 
decreases gradually in RDA market (2nd

 

floor), Bus 
Terminal and Kumarpara. The total number of people 
staying in Alupotti crossing was maximum compared to 
the other locations. The number of vehicles, density of 
the shops and number of industries and factories 
around that location was also greater compared to RDA 
market, bus terminal and Kumarpara which made the 
difference of particle concentration of that locations. 
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Figure 2

 

:

 

Particle size distribution at Alupotti crossing at 12:10PM on 20-07-2013

 

 
 

 

Figure 3

 

:

 

Particle size distribution at RDA market at 12:20PM on 20-07-2013
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Figure 4

 

:  Particle size distribution at Bus Terminal at 12:35PM on 20-07-2013

 

 
 

 

Figure 5 : Particle size distribution at Kumarpara at 01:10PM on 20-07-2013 

The indoor air quality in HEQEP sub project CP-
521 office room has been shown in Figs. 6 to 8. The 
figures show that the particle concentration was higher 
in non air conditioning room than air conditioning room. 
The particle concentration was also varied due to 
opening and closing the doors and windows with the 
ceiling fan on and off. The particulate matter was 
maximum when all the doors and windows were open 
and the ceiling fan was off. The particulate matter was 
reduced by fitting filters into the windows.
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Figure 6

 

:

 

Particle size distribution in HEQEP sub-project CP-521 office room at 11.20AM on 02-07-2013  

Figure 7

 

:

 

Particle size distribution in HEQEP sub-project CP-521 office room

 

(Non AC) at 11.40AM on 02-07-2013
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Figure 8
 
:
 
Particle size distribution in HEQEP sub-project CP-521 office room

 
(Non AC) at 11.55AM on 02-07-2013

IV.
 

Conclusions
 

From the experimental investigations, the following 
conclusions may be drawn:

 

•
 

Out of the places in which data were taken, outdoor 
air quality is the dirtiest in Allupatti crossing in 
Rajshahi city

 

•
 

Cleanest indoor air can be achieved by fitting sub-
micron filters in doors and windows of the room. 
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Appendix
 
I
 

Specification of Airborne Particle Counter (OPC) 
SOLAIR-3100

 
 

Channel 
Thresholds 

0.3,0.5,0.7,1.0,3.0,5.0,10.0,25.0 µm 

Flow rate 1.0 CFM (28.3LPM) 

Counting  
Efficiency 

3100:50%@0.3 µm;100%  for 
particles>0.45 µm(PER JIS) 

5100:50%@0.5 µm;100%  for 
particles>0.75 µm(per JIS) 

Laser  Source Extreme Life Laser Diode 

Zero Count Level < 1 count/5 minutes (per ISO 21501-4) 

Concentration 500,000 particles/ft3@5%Coincidence 

Limits

 

Loss

 

Calibration

 

NIST  Traceable

 

Count Modes

 

Concentration, manual, automatic, beep

 

Data Storage

 

Stores up to 3000 sample records of 
particle and environmental data, plus 

location and time

 

Communication 
Modes

 Ethernet TCP/IP, RS485/Modbus. 
USB,USB Flash Drive

 

Supporting 
Software

 LMS X Change Data Transfer Software  
Optional: LMS Express ,LMS Net

 

Printer

 

Thermal printer , optional , specify at 
time of order

 

Sample Output

 

Internally filtered to HEPA standard 
(>99.97%@0.3µm)

 

Vacuum Source

 

Internal clean pump , flow controlled

 

Power

 

100-240VAC,50-60Hz

 

Battery

 

Li-ion , removable and rechargeable

 

Operating 
temp/RH

 50° F to 104° F( 10°C to 40° C)/ 20% to 
95% non  -condensing
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variable heater height. At the channel entrance the flow velocity and temperature were uniform. 
The channel wall thickness was constant and its thermal conductivity ranged from 0 to 80 that of 
the air, while the heater thermal conductivity was equal to 500 that of the air. The conservation 
equations were solved numerically by the control volumes method with the SIMPLE algorithm. 
The results were expressed in dimensionless form, considering the three distinct flow constraints. 
For a fixed flow rate, the heater temperature always decreased as the heater height increased. 
For the other two flow constraints, there is a critical relative heater height which minimizes its 
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direct convective cooling to the airflow.  

GJRE-A Classification : FOR Code: 

 

AnalyticalInvestigationofCargoMotionLengthwisetheWagonundertheActionofPlaneForceSystem 
 
 

 
 

Strictly as per the compliance and regulations of:

 
 

 
 
 
 

290501



Conjugate Cooling of a Protruding Heater in a 
Channel with Distinct Flow Constraints

Thiago Antonini Alves α & Carlos A.C. Altemani σ

Author

 

α:

 

Av. Monteiro Lobato, km 4, CEP 85.016-204 Ponta Grossa, 
Paraná, Brasil,

 

UTFPR/Ponta Grossa.

 

e-mail: thiagoaalves@utfpr.edu.br

 

Author

 

σ:

 

Unicamp/FEM/DE.

 

e-mail: altemani@fem.unicamp.br

 

Abstract-

 

The

 

conjugate cooling of a single block heater 
mounted on a conductive wall of a parallel plates channel was 
investigated under distinct laminar airflow constraints: fixed 
flow rate, fixed channel flow pressure drop and fixed pumping 
power. The heater was cooled by direct forced convection to 
the airflow and by conduction through its contact with the 
channel wall. The investigation was performed for a two-
dimensional configuration with fixed channel geometry and 
variable heater height. At the channel entrance the flow 
velocity and temperature were uniform. The channel wall 
thickness was constant and its thermal conductivity ranged 
from 0 to 80 that of the air, while the heater thermal 
conductivity was equal to 500 that of the air. The conservation 
equations were solved numerically by the control volumes 
method with the SIMPLE algorithm. The results were 
expressed in dimensionless form, considering the three 
distinct flow constraints. For a fixed flow rate, the heater 
temperature always decreased as the heater height increased.  
For the other two flow constraints, there is a critical relative 
heater height which minimizes its thermal resistance to the 
airflow. The results also indicated that for a conductive 
substrate, the conduction from the heater to the substrate 
plate cannot be neglected in comparison to the direct 
convective cooling to the airflow.

 

I.

 

Introduction

 

he space available for electronic components 
mounted on circuit boards may sometimes be 
restricted and their cooling must be obtained by 

airflow with

 

moderate velocities. Under these conditions, 
there may not be enough room to install a finned heat 
sink on the components with high heat dissipation rates. 
In this case, the thermal design may benefit from the 
conjugate forced convection-conduction cooling of a 
heated component.

 

Two extensive reviews of the literature on the 
conjugate forced convection-conduction heat transfer in 
electronic equipment were presented by Ortega [1] and 
Nakayama [2]. A modeling hierarchy for heat transfer 
study was adopted, involving both flush mounted heat 
sources (e.g., Ramadhyani et al. [3]) and protruding 
two-dimensional heat sources (e.g., Davalath and 
Bayazitoglu [4]).  In this case, distinct investigations 
considered either periodically fully developed flow and 
heat transfer (e.g., Kim and Anand [5]) or a developing 
flow and heat transfer (e.g., Kim and Anand [6]). 
Nakayama and Park [7] presented an investigation of 

the conjugate heat transfer from a single three-
dimensional heater mounted on the wall of a rectangular 
channel with a 16:1 aspect ratio. Their experimental 
measurements, considering air velocities in the range 
from 1 to 7 m/s, were employed to set the boundary 
conditions for a numerical analysis of the conduction in 
the duct wall. From their data they derived a correlation 
for the direct convective heat transfer from the heated 
block to the airflow, but they pointed out that it did not 
agree with the predictions of previous correlations from 
the literature.  As a consequence, they indicated the 
need for more work to obtain a correlation of wider 
applicability, even for the direct heat transfer from the 
block. Nakamura and Igarashi [8] performed an 
experimental investigation to obtain a general correlation 
of the Nusselt number for a heated low-profile block 
placed in a rectangular duct. The correlation was shown 
to be applicable regardless of the configuration of the 
block and duct, expressed in terms of a modified 
Reynolds number, under conditions of laminar flow, a 
low profile block and a low blockage effect. Due to these 
restrictions, it seems that even the direct convective heat 
transfer from a single heated block may still be 
considered an open problem to further research.  When 
it comes to more than one heater mounted on a wall, 
several investigations presented in the recent literature 
were related to the thermal optimization, in which the 
heaters distribution usually is an important parameter. 
Silva et al. [9] considered two analytical approaches to 
optimize the distribution of heat sources flush mounted 
on a wall cooled by forced convection. The results were 
validated by a numerical investigation to distribute heat 
sources inside a channel formed by parallel plates. It 
was concluded that the heat sources should be placed 
nonunifomly on the wall, with the smallest distance 
between them near the tip of the boundary layer. This 
migration of the heat sources towards the tip was 
dependent on the Reynolds number and the heat 
sources length. Icoz et al. [10] presented a design 
methodology for air and liquid cooling systems applied 
to a parallel plates channel with two identical heating 
elements. The effects of the Reynolds number, the 
separation distance and the protrusion heights on the 
heat transfer rates from the heat sources and the 
channel flow pressure drop were investigated. The 
concurrent use of simulation and experiment was 
adopted in order to improve the efficiency of design 
optimization. The results indicated that the optimal 
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values of Reynolds number, heat source height and 
separation distance between the heaters depend on an 
objective function. For air cooling, it was shown that the 
spacing needed to optimize the heat transfer from the 
downstream heater is greater than that for the upstream 
heater. In addition, the optimal Reynolds values for a 
given protrusion height were observed to be greater for 
the upstream heat source than the downstream source. 
The thermal optimization may be subjected to 
constraints such as the maximum component 
temperature, flow pressure drop or pumping power. 
These constraints may however also be considered 
even for the thermal design of a single heated 
component on a parallel plates channel.

The present work is concerned with the 
conjugate cooling of a single heater mounted on the 
lower wall of a two-dimensional parallel plates channel, 
as indicated in Fig. 1, under laminar airflow conditions. 

The thermal contact with the lower wall (substrate plate) 
was considered perfect and the energy dissipation rate 
per unit depth of the heater was constant. The conjugate 
cooling was by direct forced convection from the heater 
surfaces in contact with the airflow and by conduction 
through its contact with the substrate plate. The effects 
of the relative heater height in the channel, of the airflow 
rate and of the substrate plate thermal conductivity were 
considered in the analysis performed. The results will be 
presented considering three distinct constraints for the 
airflow in the channel: a specified flow rate, a fixed 
pressure drop and a constant pumping power. Due to 
the conjugate nature of the heater cooling, a 
dimensionless global thermal resistance was defined 
and presented in the results. In spite of the two-
dimensional restriction of the present analysis, the heat 
transfer enhancement promoted by the substrate 
conduction was clearly identified.

Figure 1 : Domain of the conjugate heat transfer problem

II. Analysis

a) Problem Formulation and Dimensionless 
Parameters

The present investigation was performed within 
the two-dimensional domain indicated in Fig. 1, 
comprising a parallel plates channel with a heater 
mounted on the lower wall.  The channel had a fixed 
geometry, with height H and a total length L = 20H. The 
channel upstream length was Lu = 10H, the heater 
length Lb = H and the downstream length Ld = 9H, as 
indicated in Fig. 1. The heater height Hb was a 
parameter of investigation, varying from zero (flush 
mounted heater) to a fraction (Hb/H < 1) of the channel 
height. This geometry was suggested by related works 
applied to the cooling of electronic components 
assembled on stacks of circuit boards, e.g., Davalath 
and Bayazitoglu [4], Nakayama [2], Zeng and Vafai [11] 
and Alves [12].

The heater cooling was provided by a laminar 
airflow with constant properties, under steady state 
conditions, with uniform velocity (u0) and temperature 
(T0) at the channel entrance. The corresponding 
Reynolds number was based on the channel hydraulic 
diameter,

                                

υ
HuRe 20=                              (1)

The channel lower wall had a thickness t = 
(0.10 H) and its thermal conductivity relative to the air, 
(ks/k), was varied in the range from 0 to 80. Its upper 
surface was in contact with the channel flow and also 
supported the heater with perfect thermal contact. Its 
lower and lateral surfaces, as well as the channel upper 
surface, were adiabatic, as indicated in Fig. 1. The 
heater thermal conductivity relative to the air was (kb/k) 
= 500. The heating was provided by a uniform 
volumetric heat generation rate within the heater, in such 
a way to always provide a heat generation rate equal to   

bq′ per unit depth normal to Fig. 1. When the heater was 

flush mounted, it generated a uniform heat flux   along 
its length (Lb), such that the same heat transfer rate   

( )bbb Lqq ′′=′ was imposed.

The conservation equations of mass, 
momentum and energy for this combined entry length 
and conjugate heat transfer problem were expressed in 
dimensionless form. The dimensionless variables were, 
referred to Fig. 1, X = x/(2H), Y = y/(2H), U = u/u0, V = v/u0, 
p* = p/(ρ u0

2), and ( ) bqkTT ′−= 0θ . A numerical 

Lu Lb Ld

k
ks

u0 ,T0

x

y
H

t

kb

L

Hb

solution procedure, to be described in the next section, 
employed the same form of the conservation equations 
in the solid and fluid regions of the domain presented in 
Fig. 1. In the solid regions, the artifice of very large local 
viscosity was used (i.e., a very small local Re), so that 
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the resulting local velocities were negligible. The 
conservation equations in dimensionless form were

                             
0=

∂
∂

+
∂
∂

Y
V

X
U

                    
(2)

( )2

2

2

21
Y
U

X
U

ReX
*p

Y
UV

X
UU

∂
∂

+
∂
∂

+
∂
∂

−=
∂
∂

+
∂
∂

(3)

( )2

2

2

21
Y
V

X
V

ReY
*p

Y
VV

X
VU

∂
∂

+
∂
∂

+
∂
∂

−=
∂
∂

+
∂
∂

(4)

( ) *S
YXC

k
PrReY

V
X

U +
∂
∂

+
∂
∂

=
∂
∂

+
∂
∂

+

+

2

2

2

21 θθθθ
(5)

Besides the uniform velocity u0 at the flow inlet,
the outflow boundary was treated with negligible 
diffusion for both velocity components. Along the upper 
and lower surfaces of the domain, both velocity 
components were equal to zero. The flow temperature 
was uniform (T0) at the channel inlet, while the upper and 
lower surfaces of the domain and both ends of the 
substrate plate were adiabatic. At the outflow boundary, 
the temperature profile was obtained considering 
negligible diffusion. The dimensionless volumetric 
source term S* indicated in Eq. (5) was not negligible 
only in the solid region comprised by the heater, where it 
was uniform, expressed by

                     ( ) 1−+= CLHPrRe*S *
b

*
b                   (6)

In Eq. (5) k+ and C+ (6), k+ and C+ represent 
respectively the thermal conductivity and the unit 
thermal capacity (ρc) of each region relative to those of 
the air. The fluid Prandtl number is represented by Pr
and the dimensionless heater height and length are 

respectively =*
bH (Hb/2H) and =*

bL (Lb/2H). The 

dimensionless volumetric source term *S was always 
uniform in each investigated case, but it changed with 
the heater height and the fluid flow rate, as indicated in 
Eq. (6). The properties of the cooling fluid (air) were 
constant, taken from a table at 300 K (Kays and 
Crawford [13]) for the simulations performed.

The flow pressure drop ( )*pup ∆ρ∆ 2
0=   

across the channel was obtained from the average 
pressure distributions evaluated at the inlet and outlet 
channel boundaries. The flow pumping power ( WP′ ) 
was obtained by the product of the referred pressure 
drop and the corresponding channel volumetric flow 
rate. It was expressed in dimensionless form 
considering its ratio with the heat generation per unit 
heater length:

                           
( )

2
Re

q
p

q
P

bb

W

′
=

′

′ ∆υ
            (7)

The term in parenthesis on the right side of Eq. 
(7) represents a dimensionless pressure drop, which will 

be denoted by ( )bqpp ′∆=∆ + υ . It is proportional to 

the pressure drop, since the fluid properties and the 
heat generation within the heater were constant. The left 
side of this equation represents a dimensionless 
pumping power, which will be denoted by

( )bWp qPW ′′=+ .

Since all the heat generation rate will ultimately 
be transferred to the airflow, the heater average surface 

temperature along its four edges, hT , was evaluated 

from the local distribution in order to define a 
dimensionless global thermal resistance per unit depth, 
as follows:

                            

)(
b

h
t q

TTkR
′
−

=′ 0               (8)

This thermal resistance corresponds to the 
heater dimensionless average surface temperature, 

i.e., htR θ=′ .

b) Numerical Solution Procedure
The stated conservation equations were solved 

considering the conjugate domain indicated in Fig. 1, 
comprising the substrate plate, the heater and the flow 
regions. The control volumes method (Patankar [14]) 
was employed with the SIMPLE algorithm in order to 
obtain the flow field. A very small Re was imposed in all 
the control volumes in the solid regions, so that the 
resulting velocities were negligible in the substrate plate 
and heater. At the solid-fluid interfaces, the diffusion 
coefficients were evaluated by the harmonic mean in 
order to handle the abrupt changes of the solid to fluid 
properties. The mentioned boundary conditions for the 
flow and for the temperature distributions were imposed 
at the four boundaries of the domain presented in Fig. 1.

The results were obtained with a non-uniform 
grid deployed on the solution domain, comprising 348 
control volumes in x -direction and 34 control volumes in 
the y-direction. It should be kept in mind that the 
channel aspect ratio was fixed, with (L/H) = 20, and that 
the lower wall thickness was related to the channel 
height as (t/H) = 0.10. In the x-direction, the grid was 
most refined over the heater length Lb, which contained 
80 uniformly distributed control volumes. Along the 
upstream length Lu, 194 control volumes were uniformly 
deployed, and 74 others were distributed along the 
downstream length Ld. Along the y -direction, the grid 
was finer near the solid-fluid interfaces due to larger 
gradients of the dependent variables in these regions.  
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Several grids were tested before the final selection to 
obtain the numerical results. Most of the tests involving 
grid refinement were performed with Re = 1260. The 
number of grid points was increased until further grid 
refinement practically did not change the obtained 
results. The Richardson extrapolation technique (De 
Vahl Davis [15]) was employed for a particular case, 
indicating that the numerical error associated with the 
grid spacing was of second order. It was also verified 
that in the conductive substrate plate a uniform grid with 
4 control volumes along its thickness was enough to 
obtain results independent of further grid refinement.

The discretization equations and their boundary 
conditions were solved by an iterative process based on 
the line-by-line method described by Patankar [14]. The 
solution was achieved when the absolute changes of 
the primitive variables in several locations were smaller 
than 10-5 between two consecutive iterations, while the 
global mass conservation in the domain was satisfied in 
all iterations. The numerical results were obtained in a 
microcomputer (Intel® CoreTM 2 Quad Q6600 processor 
2.4GHz and 4GB RAM), in about 15 minutes for a typical 
solution considering a conductive substrate.

III. Results and Discussion

a) Fixed Mass Flow Rate
The condition of fixed mass flow rate through 

the channel was specified in dimensionless form by a 
constant Reynolds number (Re). Five values of Re in the 
range from 630 to 1890 were selected in the laminar 
regime to present the results.  They correspond, for a 
channel height H = 0.01 m, to u0 in the range from 0.5 
m/s to 1.5 m/s. The results will be presented in terms of 
a dimensionless heater height defined by =+

bH   
(Hb/H), because it was felt more intuitive than (Hb/2H). 

The dimensionless pressure drop bqpp ′=+ ∆υ∆   in 
the channel is presented in Fig. 2 as a function of the 
dimensionless heater height +

bH , for the distinct values 

of Re.  It shows that +p∆   increases with both Re and 
+
bH , due respectively to larger shear stress and an 

increased obstruction of the channel cross section.  The 
heater height +

bH in this figure is limited to 0.40 in order 
to keep the flow recirculation downstream of the heater 
within the channel.

Figure 2 : Flow pressure drop for fixed flow rate
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Figure 3 : Flow recirculation length downstream of the heater
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Figure 4 : Heater average temperature – fixed flow rate and (ks/k) = 0
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A conductive substrate wall provides a 
conduction heat spreader for the heater at their 
common interface.  Thus, the heater cooling is provided 
by a conjugate forced convection-conduction heat 
transfer. The results for the heater average temperature 

hθ , considering a substrate to air thermal conductivity 
ratio (ks/k) = 80, are presented in Fig. 6. The effects of 

Re and the relative height 
+
bH are similar to those for 

the adiabatic substrate, i.e., the temperature hθ
decreases when these parameters increase. Due 

however to the conjugate heat transfer, the temperature 
profiles in Fig. 6 are lower than those for the adiabatic 
substrate, as shown in Fig. 5. Considering the same 

heater temperature limit 060.max,h =θ adopted for the 
adiabatic substrate, Fig. 6 shows that this thermal 
requirement would be satisfied now under any of the 
investigated conditions.  This result indicates the 
remarkable contribution to thermal control due to 
conduction in the substrate.  In this case, the flush 
mounted heater with the smallest airflow rate would 
require the minimum pumping power and pressure 
drop.

Figure 5 : Heater average temperature – fixed flow rate and (ks/k) = 80
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Figure 6 : Fraction of heat conduction through the substrate plate – (ks/k) = 80
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The heater conduction loss through the 
substrate relative to the total heat generation 

)( bcd q/q ′′ presents a trend similar to that of hθ with 

respect to Re and 
+
bH , as shown in Fig. 6 for (ks/k) = 

80. These results also indicate that the conductive and 
the convective losses are of the same order and neither 
can be neglected. The channel flow pressure drop and 
the required pumping power for the conductive 
substrate are the same as those for the adiabatic 
substrate, since the flow properties are constant. An 
increase of the substrate thermal conductivity (ks/k) 

decreases the heater average temperature hθ , 
as presented in Fig. 7 for the smallest Re (the largest 
conduction contribution). This figure also shows that the 

minimum heater height 
+
bH needed to keep it below 

the temperature limit ( 060.max,h =θ ) decreases as 

(ks/k) increases.  Thus, for (ks/k) = 0, a height 
+
bH = 

0.40 is necessary, but for (ks/k) = 80, the heater may be 
flush mounted on the substrate plate.
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Figure 7 : Effect of the substrate thermal conductivity on hθ – Re = 630

• Fixed Pressure Drop

The results obtained under the constraint of a 
fixed pressure drop will be considered now.  Five values 

of 
+p∆ were selected so that the flow remained in the 

laminar regime.  As shown in Fig. 8, for any heater 

height 
+
bH the flow rate (Re) increases with the 

pressure drop 
+p∆ , but for a fixed 

+p∆ it 

decreases as the heater height 
+
bH increases, due to 

flow obstruction.  The pumping power 
+
pW for a fixed 

+p∆ is proportional to the flow rate, so that it is similar 
to the trends observed in Fig. 8 for the channel flow rate.
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Figure 8 : Flow rate for fixed pressure drop

For an adiabatic substrate and the flow driven 
by a fixed pressure drop, the heater average 

temperature hθ is presented in Fig. 9, showing that 

within the investigated ranges of 
+
bH and Re, the 

temperature hθ decreases as the heater height 
increases.  This figure also shows that for any heater 
height, the heater temperature decreases with the 
pressure drop due to larger channel flow rate.  

Considering again 060.max,h =θ , then the proper 
operating conditions are indicated by the region below 
the dashed line in Fig. 9.  It shows that as the available 

pressure drop 
+p∆ decreases, the minimum heater 

height must increase to provide a larger heat transfer 
area.  The same dashed line is also indicated in Fig. 8, 
showing explicitly that as the minimum heater height 
increases, the channel mass flow rate for fixed pressure 
drop also decreases.
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Figure 9 : Heater average temperature - fixed pressure drop and (ks/k) = 0

When 
+p∆ is fixed and the heater height 

increases, there are two opposing trends which 

determine the heater average temperature hθ .  One is a 
temperature decrease due to the increased heater area, 
and the other is just the opposite, a temperature 
increase due to the corresponding channel obstruction 
and flow rate decrease.  The result of these opposite 

trends for (ks/k) = 0 and 
+p∆ = 0.8 10-7 is presented in 

Fig. 10, showing that the heater attains a minimum 

average temperature hθ for 
+
bH ≅ 0.70.  As observed in 

this figure, for higher 
+
bH , the channel obstruction 

causes a steep increase in hθ .
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Figure 10 : Heater height for minimum temperature - fixed pressure drop and (ks/k) = 0

The heater average temperature hθ for a 
conductive substrate with (ks/k) = 80 is presented in Fig. 

11 for the same fixed pressure drops 
+p∆ used in Fig. 

9.  The trends are similar in both figures, but for the 
conductive substrate, due to the conjugate cooling, 
there is a substantial heater temperature decrease and 

a smaller relative change with the heater height 
+
bH .  

Due to the conjugate cooling, the heater average 
temperature in Fig. 11 is below the considered limit of 

060.max,h =θ in all the investigated operating 
conditions.
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Figure 11 : Heater average temperature – fixed pressure drop and (ks/k) = 80

• Fixed Pumping Power
When the channel flow is driven by a fixed 

pumping power, the product of the channel volumetric 
flow rate and the corresponding channel flow pressure 
drop remains constant.  Thus, their change with the 
heater height must be opposite to each other. The 
results presented in Fig. 12 show the channel flow 

pressure drop 
+p∆ for five distinct values of the 

dimensionless pumping power 
+
pW

, selected so that 
the resulting channel Re remained in the laminar regime.  
They show that for a fixed pumping power the pressure 

drop 
+p∆ increases with the heater height and that for 

a given heater height it increases with the pumping 
power.  Correspondingly, as mentioned, the channel 
flow rate for fixed pumping power must present an 
equivalent decrease with the heater height.
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Figure 12 : Pressure drop for fixed pumping power

For an adiabatic substrate and the flow driven 
by fixed pumping power, Fig. 13 shows that the heater 

temperature hθ decreases as the heater height 
increases, while for a fixed heater height the 
temperature decreases with an increase of the pumping 
power, due respectively to an increased heat transfer 
area and a larger channel flow rate.  Under fixed 

pumping power, an increase of the heater height 
+
bH

increases the heat transfer area but reduces the channel 
flow rate. These two effects cause opposite trends on 

the heater temperature hθ , so that this constraint also 

must present a heater height 
+
bH with minimum heater 

temperature.  The curves drawn in Fig. 13 do not show 

the minimum because they were limited to 
+
bH = 0.40 

due to the mentioned length of the flow recirculation 
zone downstream of the heater.  The same heater 

temperature limit 060.max,h =θ is presented as the 
dashed line in Fig. 13, indicating that the minimum 
needed heater height increases as the pumping power 

decreases.  This dashed line is also presented in Fig. 
12, indicating that when the fixed pumping power 
decreases, the channel flow rate and pressure drop 
decrease together and a taller heater is required to keep 
its average temperature below the maximum value.
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Figure 13 : Heater average temperature – fixed pumping power and (ks/k) = 0

For a conductive substrate with (ks/k) = 80, the 

resulting heater average temperature hθ is presented in 
Fig. 14 for fixed values of the dimensionless pumping 

power 
+
pW

.  The trends are similar to those presented 
in Fig. 13, but this figure gives more evidence to the 
potential for the heat transfer enhancement obtained 
with the conductive substrate.  The heater average 

temperature hθ in all the tested operating conditions 

was below the dashed line 060.max,h =θ .  Considering 

for example the lower range of 
+
bH in Fig. 14, the 

values of hθ (or the heater global thermal resistance) 
are about 60 % of those for the adiabatic substrate 
(indicated in Fig. 13).
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Figure 14 : Heater average temperature – fixed pumping power and (ks/k) = 80

IV. Conclusions

The heater dimensionless average surface 
temperature (or its global thermal resistance) always 
decreased when either the airflow rate or the substrate 
plate thermal conductivity increased.

For a fixed flow rate, the heater temperature 
decreased as the heater height and the substrate 
thermal conductivity increased.  Besides that, the flow 
pressure drop and the required pumping power 
increased with the heater height and the flow rate in the 
channel.  In order to avoid that the flow recirculation 
zone downstream of the heater extended beyond the 
channel length at the largest Re, the relative heater 
height was limited to 0.40.

Under the constraints of a channel flow driven 
either by a fixed pressure drop or by a fixed pumping 
power, the flow rate decreased as the heater height 
increased, due to channel obstruction.  In these cases 
there is a critical heater height which minimizes its 
thermal resistance to the airflow.  The heater thermal 
resistance and temperature will increase with a heater 
height taller than this critical value.  This behavior has no 
counterpart under the fixed flow rate constraint.

Under any flow constraint, considering an 
adiabatic substrate, there is a minimum heater height 
needed to keep it below a maximum allowable 
temperature.  This required height decreases as the 
channel flow rate and the substrate thermal conductivity 
increase.  In the present investigation, up to 50 per cent 
of the heater dissipation rate was spread by conduction 
through the substrate plate before returning to the 
airflow.  This corroborates the potential of the 
conductive substrate to reduce the heater temperature 
or its global thermal resistance to the channel flow.
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• NOMENCLATURE
C    = specific heat, J/kgK
C+    = dimensionless unity thermal capacity
g = gravitational acceleration, m/s2

Gr  = Grashoff number 
H    = channel height, m
Hb    = heater height, m
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*
bH = dimensionless heater height

bH + = dimensionless heater height
L     = total channel length, m
Lb     = block heater length, m
Ld    = channel downstream length, m
Lr = recirculation zone length downstream of the                        
heater, m                         
Lu   = channel upstream length, m

*
bL = dimensionless heater length

rL+ = dimensionless recirculation zone length                        
downstream of the heater
k  = air thermal conductivity, W/mK
kb  = heater thermal conductivity, W/mK
ks  = substrate thermal conductivity, W/mK
k+ = dimensionless thermal conductivity relative to air

WP′ = pumping power per unit depth, W/m 
Pr = air Prandtl number
q′ = heat generation per unit depth, W/m

cdq′ = heat conducted through the substrate plate per   
unit depth, W/m 
q′′ = heat flux, W/m2

Re = Reynolds number, Eq. (1)

tR′ = global thermal resistance per unit depth, Eq.              
(8)

S*  = dimensionless volumetric source term, Eq.   (6)
t = substrate thickness, m
T = temperature, K
u = x-velocity component, m/s
U = dimensionless x–velocity component
v = y-velocity component, m/s
V = dimensionless y–velocity component
x, y        = Cartesian coordinates, Fig. 1, m
X, Y = dimensionless Cartesian coordinates

pW + = dimensionless pumping power

a) Greek Symbols
β    = coefficient of thermal expansion of the fluid, 1/K
Δp  = pressure drop, Pa
Δp*= dimensionless pressure drop
Δp+= dimensionless pressure drop
ρ   = density, kg/m3

θ  = dimensionless temperature, Eq. (15)
υ = kinematic viscosity, m2/s

b) Subscripts
h = heater
max       = maximum value
0 = channel inlet

c) Superscripts
– = average 
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Abstract- Effect of compounding investigated theoretically by 
finite element modeling. The variables are interference radius 
& shrinkage tolerance. Equivalent von Mises stress is used as 
yield criterion to evaluate the optimum interference radius. For 
two different working pressure the effect of the ratio of outer & 
inner radius (b/a=k) value on the optimum interference radius 
is also noticed. The optimum interference radius solely 
depends on shrinkage tolerance. Furthermore, percentage 
reduction of von Mises tolerance is compared for different 
working pressures & different k values as well as for different 
materials. 
Keywords: autofrettage, residual stress, von mises stress, 
working pressure, pressure vessel, elasto-plastic junction.

I. Introduction

ompound cylinders are widely used in the field of 
high pressure technology such as hydraulic 
presses, forging presses, power plants, gas 

storages, chemical and nuclear plants, military 
applications etc. To enhance load bearing capacity and 
life of multilayer pressure vessels, different processes 
such as shrink fit and autofrettage are usually employed. 
Shrink fit increases load capacity. Many researchers 
have focused on methods to extend lifetimes of vessels. 
Majzoobi et al. have proposed the optimization of bi-
metal compound cylinders and minimized the weight of 
compound cylinder for a specific pressure [1]. The 
variables were shrinkage radius and shrinkage 
tolerance. Patil S. A. has introduced optimum design of 
two layer compound cylinder and optimized 
intermediate, outer diameter and shrinkage tolerance to 
get minimum volume of two layer compound cylinders 
[2]-[3]. Hamid Jahed et al. have investigated the 
optimum design of a three-layered vessel for maximum 
fatigue life expectancy under the combined effects of 
autofrettage and shrink fit [4]. Miraje Ayub A. & Patil 
Sunil A. have found minimum volume of three-layer 
open type compound cylinder considering plane stress 
hypothesis [5]. Yang Qiu-Ming et al. have presented a 
simple and visual tool to calculate the residual stress 
and describe the distribution of residual stress for both 
the elastic-perfectly plastic model and the strain-
hardening mode [6]. 

II. Analytical Approach

As stated earlier, an elasto-plastic behavior has 
been designated in this work. 

Figure 1 : Bi-linear Stress Strain Curve

The model, shown in fig. 1 is described as follows: 

                                                                                      (1) 

In which, σ is the effective stress, σy is the initial 
yield stress, Ep is the slope of the strain hardening 
segment of stress strain curve, and ε is the effective 
strain. 

a) Tangential & Radial Stress Pattern 
To observe the stress pattern in a compound 

cylinder, a sample cylinder with internal diameter a = 
0.1m, interference radius c = 0.15m, and external radius 
b = 0.20m has been considered. Material Properties of 
this cylinder summarized in table I 

Table 1 : Material Properties

An outer cylinder with the internal diameter 
slightly smaller than the outer diameter of the main 
cylinder is heated and fitted onto the main cylinder. 
When the assembly cools down to room temperature a 
compound cylinder isobtained. In this process the main 
cylinder is subjected to an external pressure leading to a 
compressive radial stress at the interface. The outer 
cylinder or the jacket is subjected to an internal pressure 
leading to a tensile circumferential stress at the inner 
wall. Under this condition as the internal pressure 
increases the compression in the inner cylinder is first 
released and then only the cylinder begins to act in 
tension. 

C
 P

y E

Material σy(MPa) E(GPa) υ
Steel 800 207 0.29

Author α: Department of Mechanical Engineering, Bangladesh 
University of Engineering & Technology (BUET), Dhaka-1000, 
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Author σ: Department of Mechanical Engineering, Bangladesh 
University of Engineering & Technology (BUET), Dhaka-1000, 
Bangladesh. e-mail: aminur.buet07@gmail.com
Author ρ: Professor, Department of Mechanical Engineering, 
Bangladesh University of Engineering & Technology (BUET), Dhaka-
1000, Bangladesh. e-mail: armali@me.buet.ac.bd



 
 
 
 
 
 
 
 
 
 
 

Figure 2 : Radial & Tangential Stress Distribution 
through the Walls of a Compound Cylinder 

Though outer cylinder is fitted on the top of the 
inner cylinder, a compressive stress is developed in the 
near bore region. Here in the fig. 2, compressive stress 
is developed in the inner diameter while tensile stress 
occurs at the outer portion. Here the initial stress is 
compressive so if internal pressure is applied, then a 
tensile stress will be developed & this tensile stress even 
quite high, but the resultant stress not that high because 
of this compressive stress. 

 

 
Comparison of Stress between Single cylinder & 
Compound Cylinder 

 

By using Lame’s equation for thick-walled 
cylinder, the stress pattern is obtained for both single 
cylinder & compound cylinder. If these two cylinders 
undergoes same internal pressure then the overall 
stress pattern will change, which is shown in Fig. 3, here 
the internal pressure is 250 MPa. 

 

 

 

 

 

 

 

 

 

Figure 3 :

 

Comparison of Stresses between Single & 
Compound Cylinder

 

Because of the compressive tangential stress at 
inner bore, the resultant tangential stress becomes 
lower in the compound cylinder than the original 
tangential stress developed at the single cylinder. Radial 
stress doesn’t vary significantly after compounding. 
Radial stress doesn’t vary significantly after 
compounding. Maximum stress occurs at the junction 
point of inner & outer cylinder rather than inner bore. 

 

c)

 

Comparison of Overall von Mises Stresses 

 

According to the third strength theory, the 
equivalent stress is as follows [12]-[13]: 

 

                                                                                       
(2) 

 

 

 

 

 

 

 

 

 

 

 

 

Figure
 
4
 
:
 
Comparison of von Mises stresses between 

Single & Compound cylinder according to the third 
strength theory

 

The equivalent stress based on the fourth 
strength theory is as follows [12[-[13]: 

 

                                                                                      

(3) 
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Substituting                                     (Lame formula) 
Eq.(2), we obtain: 
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Figure 5 : Comparison of von Mises stresses between 
Single & Compound cylinder according to the third 

strength theory



 

                                        

Eq. (3) s the relation

 

between the third & the 
fourth strength theory for a cylinder and also the relation 
between the Tresca’s & Mises yield form. 

 

As the fig. 4 & 5 suggest, maximum von Mises 
stress starts to decreases from inner bore to junction of 
two cylinders. Stress suddenly increases because of the 
contact pressure between two mating surface. It again 
decreases from junction point to outer portion. 

 

i.

 

Sample calculation

 

•

 

In this case study, a=0.1m, b=0.2m, c=.15m, 
working pressure, Pworking = 250MPa. 

 

•

 

From third strength theory, MVS = 666 MPa 

 
•

 

From fourth strength theory, MVS =577 MPa 

 
•

 

From these two theories, it is observed that MVS for 
both is very similar. Indeed there is no significant 
variation between these two methods. 

 •

 

Fourth strength theory is considered for all 
comparison. 

 III.

 
Numerical

 

Result

 The compounding process may be simulated 
by Finite Element Method, making use of elastic-plastic 
analysis. It is possible to model the compound cylinder 
by applying pressure to the inner surface of the model, 
and then analyzing it for different interference radius & 
different shrinkage tolerance. 

 Using a 3D axisymmetric element available in 
ANSYS V11 SP1, a finite element mesh of a cylinder with 
an inside radius 100 mm and outside radius of 200 mm 
was generated. An internal pressure of 250 MPa was 
applied. The stress distributions were evaluated in the 
compound cylinder. The von Mises equivalent stress 
was used in the subsequent analysis. 

 Structural Steel of flexible stiffness behavior has 
been used. Compound cylinder with the dimension; a = 
0.1 m, b = 0.2 m, an elastic plastic material’s model 
with σ

 
= 800 MPa; Modulus of elasticity E = 207 GPa; ν

 = 0.29; were used for numerical modeling.  
Here, the effects of following factors are 

considered in the compounding process. The 
considered factors are: 

 •
 

Interference radius; 2. Value of k (b/a); 3. Different 
material at inner cylinder. 

 

a) Change of Interference Radius  
The cylinders were subjected to different 

internal pressures of 100, 200 and 300 MPa. From the 
numerical simulation with ANSYS software, the curve of 
the von Mises stress distribution was obtained for each 
working pressure. From the curve, the values of 
maximum von Mises stresses (MVS) were extracted. 
This stresses were then plotted against interference 

radius for each working pressure. The results are shown 
in

 
fig. 6. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure

 

6

 

:

 

Variation of MVS verses interference radius at 
different working pressure

 
It is observed that with the increase of 

interference radius, the MVS decreases slightly. 
Because at small interference radius, lower contact 
pressure is developed at the junction of the two 
cylinders. When the radius increases then the contact 
pressure increases and there is much compressive 
stress at the inner bore region resulting lower MVS. With 
the increase of interference radius much stress is 
developed at the outer cylinder; resulting a higher 
overall stress distribution. 

 

The value of MVS is calculated for different 
interference radius for different working pressures. 

 

Table 2

 

:

 

Von Mises Stresses at Different Interference 
Radius for Different Working Pressure

 

 

 

 

 

 

 

 

 

 

From the table II, it is observed that the 
minimum values of MVS are at 280 mm & 300 mm. This 
means in those radius tangential stresses at inner wall of 
inner cylinder and inner wall of outer cylinder almost 
same.
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Interference
Radius (mm)

Pressure
100 (MPa)

Pressure
200 (MPa)

Pressure
300 (MPa)

240 203 386 576
260 190 379 569
280 191 366 558
300 184 369 554
320 193 375 568
340 195 390 604

For a constant value of interference radius (280 
mm) the percent reduction of MVS is calculated for 
different working pressure. 

Table 3 : Effect of Working Pressure at Maximum Von 
Mises Stress

Working
Pressure
(MPa)

MVS of 
single 

cylinder
(MPa)

MVS of 
compound 
cylinder

(MPa)

% reduction 
of MVS

100 233 191 18.03
200 467 366 21.63
300 701 558 20.40
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From the table III, it is observed that the percent 
reduction of MVS is higher at moderate & higher working 
pressures.

 

b)

 

Change of Shrinkage Tolerance 

 

In the preceding case minimum MVS was found 
in between 280 mm & 300 mm of interference radius. 
Now the cylinder is subjected to a working pressure 200 
MPa and interference radius is considered as 280 mm. 
From the curve, the values of maximum von Mises 
stress (MVS) are extracted. This stresses are then 
plotted against the shrinkage tolerance. The results are 
shown in fig. 8.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure

 

8

 

:

 

Variation of MVS versus different shrinkage 
tolerance

 

It is observed that

 

the developed MVS starts to 
decrease with the increase of the shrinkage radius. With 
the increase of the shrinkage radius, the compressive 
stress in the inner bore region increases & so that MVS 
decreases. But after a certain point with the increase of 
the shrinkage radius, MVS increases because then the 
stress of the inner bore of the outer cylinder increases. 
And also there is a close relation between the numerical 
result & theoretical result shown in the fig. 8.

 

c)

 

Values of k 

 

•

 

Constant inner diameter

 

For constant inner radius (a = 0.1m) of the 
inner cylinder & constant interference radius, c = 280 
mm cylinder with different k values (k=2, 2.5, 3) are 
subjected to same working pressure. 

 

Here the working pressure

 

remains constant at 
Pworking = 200 MPa 

 

From numerical simulation, the value & the 
position of MVS are extracted. This MVS is then plotted 
against the diametral interference for each k value. The 
results are shown in fig. 9

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure

 

9

 

:

 

Effect of k (b/a) on the diametral interference 
(constant inner radius = 0.1m)

 

As in fig. 9, suggests for different values of k, 
the minimum MVS obtains a higher value of thicker 
cylinder at lower diametral interference. 

 

For a constant working pressure (Pworking = 
200 MPa), percent reduction of MVS is calculated for 
different k values. 

 

Table 4

 

:

 

Effect Of K = (B/A) On Mvs At Constant Inner 
Radius

 

 

 

 

 

 

 

 

From table IV, it is observed that, percent 
reduction of MVS is higher for higher value of k. So, the 
process is more beneficial with the increase of the 
thickness of the cylinder. 
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k
MVS of single 

cylinder
(MPa)

MVS of 
compound cylinder

(MPa)

% reduction of 
MVS

2.0 467 366 21.63
2.5 414 315 23.91
3.0 392 286 27.04

• Constant outer diameter
In the preceding case the inner radius of the 

inner cylinder was kept constant. Now by assuming the 
outer radius (b= 0.2m) constant, cylinder with three k 
values of 2.0, 2.5, 3.0m are considered. From the 
numerical simulation, the curve of MVS distribution is 
obtained for each value. The developed MVS are then 
plotted against diametreal interference at fig. 10.

Figure 10 : Effect of k (b/a) on the diametral interference 
(constant outer radius = 0.2m)

um
e 

 X
II
I 
 I
ss
ue

  
X
I 
 V

er
si
on

 I
 



  

 
 

 

 

 

 

 

 

 

 

 

 

   
 

As in fig. 10, suggest for different values of k, 
the minimum MVS obtains a higher value of thicker 
cylinder at higher diametral interference. 

 

For a constant working pressure (Pworking = 
200 MPa), percent reduction of MVS is calculated for 
different k values.

 

Table 5

 

:

 

Effect Of K = (B/A) On Mvs at Constant Outer 
Radius

 

 

 

 

 

 

 

 

From the table V, it is noticed that for same k 
value, developed MVS is almost same though the value 
of inner & outer radius have been changed. So the 
optimum diametral interference depends on k value 
only. If the inner & outer radius are changed keeping the 
k value constant, then there will be no such change in 
diametral interference. 

 

From above two graphs it can be said that, 
constant inner radius of inner cylinder is more effective 
than other one. Because in inner radius constant 
process the minimum von Mises stress found in lower 
diametral interference. 

 

d)

 

Different Material as inner cylinder 

 

Now inner cylinder of the compound cylinder is 
replaced by cast iron cylinder and copper cylinder 
respectively. Here the working pressure remains 
constant at Pworking = 200 MPa From the numerical 
simulations, the curve of von Mises stress distribution is 
obtained for different material model. From the graph, 
the value & the position of the maximum von Mises 
stress are extracted and plotted against diametral 
interference.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure

 

11

 

:

 

Effect of different material on diametral 
interference

 

From the fig. 11, it is observed that cast iron & 
copper alloy shows minimum von mises stress at small 
diametral interference. This means if material of low 
tensile stress is compounded by a high tensile stress 
material, then at lower diamteral interference they show 
the desired effect. 

 

Here cast iron & copper alloy are separately 
shown in 

 

fig. 12. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure

 

12

 

:

 

Effect of different material on diametral 
interference

 

(Cast iron & Copper alloy)
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k
MVS of 

single cylinder
(MPa)

MVS of 
compound cylinder

(MPa)

% reduction of 
MVS

2.0 467 366 21.63
2.5 415 313 24.57
3.0 392 289 26.28

From fig. 12, it is noticed that, these two metals 
jacketed by steel work better at small diametral 
interference.

IV. Conclusion

The following decisions can be taken from the 
investigations mentioned in this paper: 

1. In compound cylinder, maximum von Mises stress 
does not occur at smaller interference radius 
instead of that, it occurs at midway section. 

2. Maximum stress depends on the interference radius 
as well as diametral interference. 

3. The optimum diametral interference depends on k 
value only rather than inner & outer radius. 

4. The thicker the cylinder the more will be the 
reduction in MVS. 

5. Two element cylinder of different material reduces 
diametral interference more than two element 
cylinder of same material. 
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6.

 

The size of a compound cylinder could be reduced 
by significant amount with respect to its equivalent 
single cylinder for the same working pressure. 

 

7.

 

The difference between a compound cylinder and 
its equivalent single cylinder becomes more 
significant at higher working pressures. 

 

Appendix

 

Table :

 

Nomenclature
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Symbol Meaning unit

a Inner radius (m)

b Outer radius (m)

c Interference radius (m)

σy Yield stress (MPa)

σθ Tangential stress (MPa)

σr Radial stress (MPa)

σz Longitudinal stress (MPa)
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  Abstract-
  

Petroleum oil which is limited due to its reserve capacity is the prime source of fuel in the world 
as well as Bangladesh. The concerning depletion rate of Petroleum oil leads to go for alternative fuels. T. 
bellirica (bahera) biodiesel is a sustainable alternative fuel and is eco-friendly though the extraction is 
costly. Biomass is collected from Bangladeshi forest and oil is extracted from kernel containing of about 
40% oil. The oil is extracted by the solvent extraction process using soxhlet apparatus. It has been found 
that the oil contains free fatty acid of about 0.87% which is turned into biodiesel by the transesterificationl 
by reacting methanol with lipid oil in the presence of base catalyst sodium hydroxide. The physiochemical 
properties of Bahera Methyl Ester (BME) biodiesel are investigated with the various experimental 
processes. The different physiochemical properties include density, kinematic viscosity, cetane number, 
calorific value, flash and fire point, cloud point, pour point, acid value, elemental analysis and boiling 
range. The results show that all properties are compatible with standard values of other biodiesels.
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Abstract-

 

Petroleum oil which is limited due to its reserve 
capacity is the prime source of fuel in the world as well as 
Bangladesh. The concerning depletion rate of Petroleum oil 
leads to go for alternative fuels. T. bellirica (bahera) biodiesel 
is a sustainable alternative fuel and is eco-friendly though the 
extraction is costly. Biomass is collected from Bangladeshi 
forest and oil is extracted from kernel containing of about 40% 
oil. The oil is extracted by the solvent extraction process using 
soxhlet apparatus. It has been found that the oil contains free 
fatty acid of about 0.87% which is turned into biodiesel by the 
transesterificationl by reacting methanol with lipid oil in the 
presence of base catalyst sodium hydroxide. The 
physiochemical properties of Bahera Methyl Ester (BME) 
biodiesel are investigated with the various experimental 
processes. The different physiochemical properties include 
density, kinematic viscosity, cetane number, calorific value, 
flash and fire point, cloud point, pour point, acid value, 
elemental analysis and boiling range. The results show that all 
properties are compatible with standard values of other 
biodiesels. The investigation of different performance 
parameters such as efficiency, BSFC, the temperature 
variation of the exhaust gas were observed for further 
competence of T. bellirica biodiesel. All those investigation 
stands T. bellirica as a potential source of biodiesel. 

 

Keywords:

 

T. Bellirica, BME, biodiesel, physiochemical 
properties, transesterification, performance parameters. 

 

I.

 

Introduction

 

he world is presently confronted with the twin 
crises of fossil fuel depletion and environmental 
degradation. Indiscriminate extraction and lavish 

consumption of fossil fuels have led to reduction in 
underground-based carbon resources. The search for 
alternative fuels, which promise a harmonious 
correlation with sustainable development, energy 
conservation, efficiency and environmental preservation, 
has become highly pronounced in the present

 

context. 
The technology of biodiesel production from vegetable 
oil feed stockis clearly defined, although the process 
economics may be improved by selection of lower cost 
feedstock, which does not have the pitfalls like limited 
supply potential and high oil costs (Azam et al., 2005). 
Rashid et al. (2008) has reported the use of Moringa 

oleifera oil as a possible source of biodiesel. The 
potential of Sesamum indicum seed oil was also studied 
for biodiesel manufacturing (Saydut et al., 2008). In 
continuation of our work on exploring new bioresources 
(Sarin et al., 2009), the study on potential of Terminalia 
bellirica (T. bellirica) as biodiesel resource is reported 
here.Biomass T. bellerica is a potential source of 
biodiesel which is transesterified to obtain biodiesel 
getting acceptance under the concern mentioned 
above.  T. Bellerica is commonly called as bahera under 
the family of Combretaceae. Deciduous forests are the 
main land of it. It is found in indian subcontinent in large proportion particularly in Bangladesh.  It is a large tropical deciduous tree, whose 
height is upto 30-40 m and 1.8-3.0 m in girth. Bark is 
colour of blue and ash grey containing numerous 
longitudinal cracks. It can be cultivated in almost all over 
Bangladesh though preferable in tropical and 
subtropical areas. It takes 6 to 8 years to mature and 
produce 500 kg fruits annually. The fruits are globular 
containing a hard thick shelled. Fruits are collected 
during winter which ripens at the end of rainy season. 
Chemically T. bellerica contains phenolics, sugars, 
gallics acid, belleric acid and β-sitosterol. It has 
medicinal values for the treatment of liver and digestion 
disorders (Anand et al., 1997). The dry fruits of T. 
bellerica also possess potential broad spectrum 
antimicrobial activity (Elizabeth, 2005).It is also used as 
medicine to treat several illnesses, such as fever, cough, 
diarrhea, skin diseases and oral thrush. There is no 
statistics of the utilization of T. bellerica kernel as a 
resource for biodiesel inducement.  Many researchers have shown that (Pullagura et 
al., 2012) using raw vegetable oils for diesel engines can 
cause numerous problems. Vegetable oils have 
increased viscosity, low volality, cold flow properties and 
high cetane number causing injector cocking, piston 
ring sticking, and fuel pumping problem with deposits 
on engine. For this reason the vegetable oil cannot be 
used direct in engine instead of conventional diesel. 
However the above limitation can be greatly minimized 
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by converting the vegetable oil into ester through 
esterification which is named as bio-diesel. 
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II.

 

Materials

 

and

 

Methods

 

for

 
Biodiesel

 

Preparation

 
a)

 

Raw Materials 

 
Mature and raw fruits of T. bellirica were 

collected from local trees. The seeds were dried in the 
sun for about five weeks. The sun-dried all seeds. Then 
they are stored in a room at normal temperature. After 
drying, the weight of the seeds was about 11.2 kg. The 
kernels were separated from the fruits by scraping the 
fruit pulp (pericarp) manually and stored in an airtight 
container for experimental purpose. After drying, seed 
kernels were ground into powder by a ball mill. The 
weight of the dried powder was 1.44 kg that is the 12.8% 
of dried T. bellirica seeds. Then the oil was extracted 
from the dried and powdered meal with hexane using a 
soxhlet or solvent apparatus. 

 
b)

 

Oil Extraction 

 
Thimble of soxhlet apparatus was filled with 

crushed kernel powder of T. bellirica seeds. Then, the 
upper part of the thimble was covered with thick paper 
and attached to the mouth of a round bottomed flask 
containing n-hexene as an extractive solvent. Some 
boiling chips were added into the flask to avoid 
bumping during heating. For completing the extraction 
through desired number of cycles, the refluxing was 
continued for 6 hrs. Then the solvent

 

was removed by a 
rotary evaporator from mixing of oil and solvent. The 
separated oil was stored in a bottle. The amount of 
extracted oil is 29.86% by mass of the crushed kernel.

 
c)

 

Refining Process 

 
Crude extracted T. belerica oil contains 

impurities like free fatty acid (1.68%), moisture content 
(0.15%) and contaminants such as P (220 ppm), Ca (68 
ppm), Mg (30 ppm), Mn (2 ppm) and Zn (16 ppm). The 
oil was refined by total degumming process (Zufarov et 
al., 2008), involving treatment with phosphoric acid and 
sodium hydroxide. The processed oil was dissolved in 
n-hexane and washed with distilled water. The pure oil 
was obtained by evaporation of hexane. Collected oil 
was found to have P (<10 ppm), Ca (5 ppm), Mg (2 
ppm), Mn (<1 ppm) and Zn (2 ppm), free fatty acids 
(0.05%) and moisture (400 ppm). 

 
d)

 

T. Bellirica Methyl Esterization 

 
Reactions were carried out in a 500 ml beaker, 

equipped with a thermometer and a mechanical stirrer. 
Methanol was poured to the beaker, followed by slow 
addition of sodium hydroxide catalyst (0.35% wt. of oil) 
with stirring. The stirring was continued till the complete 
dissolution of the catalyst (15 min). Desired quantity of 
T. bellirica oil was added and the reaction mixture was 
heated at 650C temperature. Progress of the reaction 
was monitored by TLC (Thin Layer Chromatography) at 
regular intervals. After completion of the reaction, the 
material was transferred to separator and both the 

phases were separated. Upper phase was biodiesel and 
lower phase was glycerine. Methanol

 

from both the 
phases was distilled off under reduced pressure. 
Biodiesel layer was washed with hot water to remove the 
traces of glycerine, unreacted catalyst and soap formed 
during the transesterification and subsequently dried 
under reduced pressure. The product obtained (>98%) 
was sufficiently pure for testing. Statistical analysis of 
biodiesel synthesized from T. bellirica was done on the 
basis of experimental results in terms of ester 
conversion and yield calculated. Average yield and ester 
conversion

 

were 98% and 98.5%, respectively, with 
standard deviation of 0.44% and 0.31%. 

 III.

 

Result

 

and

 

Discussion

 a)

 

Quantity of Biodiesel production in Bangladesh 

 
In Bangladesh biodiesel from Bahera oil can be 

produced and the quantity of biodiesel can be 
calculated as follows: 

 
•

 

Unused land in Bangladesh: 0.32 million hectare 

 
•

 

Expected seed per hectare per annum: 9 MT 

                         
[Sureshkumar et al., 2008] 

 •

 

Expected Bahera oil per hectare per annum: 1.3 MT 
(Considering 38% conversion from seed kernel to 
oil) 

 •

 
Expected biodiesel production per hectare per 
annum:1.27 MT (98% conversion) 

 •

 
So, in 0.32 million hectare land, the amount of 
biodiesel production will be 0.41 million MT per 
year. As Bangladesh imports 2.4 million MT diesel 
fuel each year, the country can reduce importing 
automotive diesel fuel by 17%. 
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b) Oil Characterization
The physico-chemical properties of T. bellirica 

oil vis-a-vis jatropha, sunflower, soybean and rapeseed 
oils is given in Table 1 which is the earlier reported data 
(Agarwal et al., 2007; Ramadhas et al., 2005) for 
comparison with T. bellirica. T. bellirica seed oil is a 
mixture of triglycerides of a variety of fatty acids. On the 
basis of GC analysis, six types of fatty acids were 
determined and quantified. These fatty acids showed 
vary in carbon chain length and in the extent of 
unsaturation. Fatty acid profile of T. bellirica seed oil was 
palmitic acid, 11.6%; stearic acid, 3.9%; ecosanoic acid, 
0.8%, oleic acid, 61.5% and linoleic acid, 18.5% which 
was determined by GC agrees with the earlier literature 
on T. bellirica (Bera et al., 2007). T. bellirica seed oil is 
contain about 20% and 80% of the total saturated and 
unsaturated fatty acid composition respectively. It is very 
resemble to rapeseed oil in oleic and linoleic glyceride 
content and resemble to soybean oil in saturated acid 
glycerides. Physico-chemical properties of T. bellirica 
seed oil and other four oils are also given in Table 1. The 
table shows that the acid value of the crude T. bellirica 
oil and jatropha were higher (3.36 and 3.80 mg KOH/g) 
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The density of T. bellirica seed oil is moderately 
higher (929 kg/m3) than other oils. The cloud point and 
pour point of T. bellirica oil and jatropha oil are (8oC and 

3oC/ 6oC), which is higher than sunflower, soybean and 
rapeseed oil. Oils which are more unsaturated are 
oxidized more quickly than less unsaturated oils as 
shown in the Table 1.T. bellirica seed oil oxidation 
stability is found to be 8.68 h. 

 

Table 1

 

:

 

Physical properties of T. Belerica with different vegetable oils
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than sunflower (0.15 mg KOH/g), soybean (0.20 mg 
KOH/g) and rapeseed oil (1.14 mg KOH/g). 

Physical property Test 

method

T. belerica 

oil

Jatropha oil Sunflower 

oil

Soybean oil Rapeseed 

oil

Fatty acid profile 

(%)

ASTM D-

1983

Saturated fatty acids

Palmitic acid C16:0 - 11.6 14.2 6.8 11.75 3.49

Stearic acid C18:0 - 3.9 6.8 3.25 3.15 0.85

Eicosanoic acid C20:0 - 0.8 - - - -

Monounsaturated fatty acids

Palmitoleic acid 

C16:1

- - 1.1 - - -

Oleic acid C18:1 - 61.5 43.1 16.93 23.26 64.4

Polyunsaturated fatty acids

Linoleic acid C18:2 - 18.5 34.3 73.73 55.53 22.3

Linolenic acid C18:3 - - 0.5 - 6.31 8.23

Acid value (mg 

KOH/g)

ASTM D-

974

3.36 3.80 0.15 0.20 1.14

Viscosity at 40 C 

(mm2/s)

ASTM D-

445

39.8 37.0 33.9 32.6 37.0

Density (kg/m3) 

at15 
ISO 3675 929 910 916 913 911

Iodine value - 85 99 142.2 132.6 115.5

Cloud point ( ) ASTM D-

2500
8 8 7.2 -3.9 -3.9 

Pour point ( ) ASTM D-

97
6 3 -15 -12.2 -31.7 

Oxidation stability 

(h)

EN 14112 8.68 2.56 1.0 2.5 10.5  

Water content, (%) ASTM D-

1123

0.15 0.17 NR NR NR

NR: Not Reported 

Reported by Agarwal (2007) and Krygier and 
Platek (1999) 

The presence of Gallic acid (3, 4, 5-trihydroxy 
benzoic acid) which acts as antioxidant (Bera et al., 
2007). Unsaturation of oil is described by the iodine 
value and the determination of iodine value of vegetable 
oils and methyl ester of some oils from fatty acid 
composition as per AOCS Cd 1c-85 method has 
reported earlier (Petursson et al, 2002). 

In this method, iodine value measured is about 
85 (Table 1), which embraces dominantly octadecenoic 
triglyceride (oleic acid) vis-a-vis jatropha, sunflower, 
soybean and rapeseed oil. The iodine value is correlated 
with viscosity, which narrates that the viscosity 
decreases linearly with the iodine value increases 

(Abramovic and Kloufutar et al., 1998). The viscosities of 
vegetable oil were positively correlated with the amounts 
of monounsaturated fatty acid (i.e., viscosity increased 
with increase in fatty acid) and negatively correlated with 
the amount of polyunsaturated fatty acid, respectively 
(i.e., viscosity decreased with increase in fatty acid) 
which was reported by (Fasina et al., 2006). The values 
of viscosity of the respective vegetable oil methyl esters 
are reduce after transesterification process. 

c) T  Bellerica Methyl Ester Characterization 
The synthesized methyl ester (Biodiesel) 

properties were determined and compared with 
Jatropha and Sunflower methyl ester as shown are in 
Table 2. The fuel properties of methyl esters synthesized 
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In general, the properties of biodiesel meet the 
standard of all the important properties estimated. The 
acid value of T. bellerica methyl ester is 4.5544 mg 
KOH/g, higher than the estimated acid value 0.014 mg 

KOH/g. Also it is higher than the acid value of jatropha 
(0.48 mg KOH/g), sunflower (0.20 mg KOH/g) and 
soybean (0.15 mg KOH/g). The flash point of 
synthesized biodiesel is 1620C.The variation of flash 
point of Jatropha and sunflower methyl ester is in a 
specified limit. Where, the flash point of jatropha is 
higher in 10C than that of T.bellirica. 

Table 2 : Comparison of T. bellirica methyl ester properties with Jatropha and Sunflower methyl ester

from Jtropha and Sunflower were determined (Sarin et 
al., 2007) against the relevant specification of biodiesel 
ASTM D-6751 standard. 

Property(units) T.billerica Jatropha Sunflower

Acid number(mg KOH/g) 4.5544 0.48 0.20

Free fatty acid (%)            0.87 ND ND

Flash point(
0
C) 162 163 180

Viscosity at 40
0
C (mm

2
/s) 5.936 4.40 4.10

Cloud point(
0
C) 5 4 4

Pour point(
0
C) 1 0 ND

Cetane number 53.4 57.1 55.6

Oxidation stability(h) 2.09 3.23 1.73

Free glycerin(% mass) 0.003 0.01 0.02

Total glycerin(% mass) 0.011 0.02 0.02

Density at 15 C(g/cc) 0.9077 ND ND

Boiling range(
0
C) IBP

*

10

20

30

40

50

60

70

80

84

90

280

284

286

286

290

296

304

338

338

ND ND

*IBP : Initial Boiling Point 
ND: Not Determined 

The value of kinematic viscosity of T. bellirica 
methyl ester at 400C is 5.936 mm2/s, jatropha (4.40 
mm2/s) and sunflower (4.10 mm2/s) are less viscous 
under the same temperature condition, which is 
reasonable for a biodiesel. Cloud point of it higher also 

in 10C than that of those are compared in the table. The 
pour point of T. bellirica is 10C; the standard value of 
biodiesel is 00C. the cetane number provides a measure 
of the ignition characteristics of diesel fuel. The table 
exhibits that the cetane number is slightly higher than 
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standard of the respective value. The oxidation stability 
of fuel is 2.09 h, comparable with jatropha 3.23 h slightly 
more stable and 1.73 h less stable than T .bellirica. Fuel 
meets the free (.003%) and total (0.11%) glycerol 
content with the standard 0.02% for free glycerol and 
0.25% for total glycerol which is lower than jatropha and 

sunflower. Density of fuel at 150C is 0.9077 g/cc, in line 
with the standard 0.88 g/cc. The key properties of 
biodiesel is boiling range, the last value of the range 
indicates the initial boiling point which for the fuel is 84-
3380C.

Table 3 : Comparison of T. bellirica fuel properties with standard value of diesel and biodiesel

Property Diesel Standard biodiesel T. bellirica 

Composition Fatty acid methyl 

ester(c10-c21)

Fatty acid methyl ester(c12-

c22)

Fatty acid methyl 

ester(c12-c22)

Specific gravity(g/ml) 0.85 0.88 0.9077

Viscosity at 40
o
C 

(mm
2
/sec)

1.3-4.1 1.9-6.0 5.936

Flash point(
0
c) 60-80 100-170 162

Cloud point (
0
c) -15 to 5 -3 to 12 5

Pour point (
0
c) -30 to -15 -15 to 16 1

Carbon (wt.%) 87 77 ND

Water(vol.%) 0.05 0.05 0.07

Cetane number 40-55 48-60 53.4

Sulphur(wt.%) 0.05 0.05 0.05

Oxygen(wt.%) 13 12 ND

Hydrogen(wt.%) 0 11 ND

ND: Not Determined

Table 3 exhibits the comparative study of T. 
bellirica methyl ester with diesel and standard biodiesel. 
Carbon composition of T. bellirica methyl ester (C12-C22)
is in reasonable range of standard biodiesel. It has the 
specific gravity 0.9077 which is higher than standard 
value of diesel and biodiesel experiencing a lower level 
of atomization. The flash point 1620C is too high than
diesel which represents the higher combustion 
temperature requirement for proper and complete 
combustion due to the flash point close to the upper 
limit of the range of biodiesel. Cloud and pour point are 
50C, 10C respectively directing the storage of T. bellirica 

biodiesel at a temperature above the standard value of 
diesel and biodiesel. The amount of carbon presence is 
not determined. Water is determined by volume 
percentage that is of about 0.07% which is also in a 
higher portion. Cetane number 53.4 is in the middle 
within the range of cetane number of standard biodiesel, 
which results a modified and reasonable hydrocarbon 
emission and noise levels accepting by the concerning 
authority. Also less sulphur indicates less sulphur 
related emission. The O2 and H2 amount in T. bellirica 
methyl ester are not determined.

Table 4 : Physiochemical properties of blends of T. bellirica biodiesel and diesel against IS 1460 standard

Test property IS 1460 
standard

Test method Diesel T. bellerica methyl ester
blended with diesel at. %

5% 10% 15% 20%

Acidity, inorganic Nil IS 1448 [P:2] Nil Nil Nil Nil Nil
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Acidity total, (mg KOH/g), 
max.

To report IS 1448 [P:2] 0.015 0.02 0.05 0.07 0.09

Pour point, max.
(a) Summer
(b) Winter

15oC
3oC

IS 1448 [P:10] -12 -6 -6 -7 -9

Copper corrosion, max Not 
worse 
than No. 
1

[P:15]/ISO 2160 No. 1 No. 1 No. 1 No. 1 No. 1

Flash point Abel, oC, min. 35 oC IS 1448 [P:20] 43 44 45 46 47

Kinematic viscosity (cSt) at 
40 oC

2.0–4.5 [P:25]/ISO 3104 2.41 2.87 2.99 3.01 3.04

Density at 15 oC, (kg/m3) 820–845 IS 1448 
[P:16]/ISO 3675

834.8 835.0 837.6 838.5 839.4

Water content, (mg/kg), 
max.

200 [P:40]/ISO 
12937

<200 <200 <200 <200 <200

Reported by S. Rakesh., Meeta S., Arif A. K.(2010).

T. bellirica biodiesel was blended with diesel at 
5%, 10%, 15% and 20% (v/v) dosages and tested for 
key physico-chemical properties as per IS 1460:2005 BS 
III Diesel specification and data are presented in Table 
4. Blends of biodiesel with diesel were found to be 
completely miscible and gave stable mixtures. In table 4, 
it is noticed that by addition of biodiesel to diesel, the 
total acidity raises from 0.015 to 0.09 mg KOH/g. 
Kinematic viscosity and density values increases with 
increase in the concentration of biodiesel in the 
respective bends, while flash point of diesel gets 
marginally affected on blending up to 20% dosage, but 
remains within specified limit. Diesel water content was 

unaffected even up to 20% blending of T. bellirica 
biodiesel. The pour point of all the three blends was 
found in the range of 6 to 90C meeting the specification 
limit. The diesel biodiesel blends were also found to be 
non-corrosive to copper.

d) Performance evaluation of T. bellirica biodiesel and 
DF blends 

T. bellerica biodiesel was blended with diesel at 
5% (BME 5), 10% (BME 10), 15% (BME 15) and 20% 
(BME 20) (v/v) dosages and its performance test was 
done in single cylinder peter diesel engine having the 
following specification.

Table 4 : Engine specification

Engine type                                                         4- stroke CI engine

Number of cylinders                                            one

Bore * stroke                                                        80*110 mm

Cooling                                                                  water cooling

Compression ratio                                                  16.5

Rated power                                                           4.476 Kw@1800 rpm

Injection pressure                                                    14 Mpa (low speed, 900-1099 rpm) 

                                                                                20 Mpa (high speed, 1100-2000 rpm)0

Injection timing                                                      24
o
BTDC 
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By varying rpm from 600 to 1250 rpm at load 
55.6 N, maximum efficiency was obtained at 900 rpm. 

Every test was carried up to minimum five times for 
getting maximum reliable result.
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Figure 1 : Variation of brake thermal efficiency with engine speed (At load 55.6 N)
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Figure 1 illustrates the variation of brake thermal 
efficiency with engine speed at load 55.6 N with diesel. 
From the figure it is seen that the brake thermal 
efficiency of engine increases with increase of engine 
speed. After reaching the maximum value, the efficiency 
of the engine also decreases. This is due to the fact that, 
initially with the increase of engine speed the torque 
produced by the engine increases, hence the efficiency 

also increases. But at higher rpm (>900) more amount 
of fuel is injected into the engine cylinder per cycle and 
due to higher engine speed these fuel doesn’t get 
sufficient time to burn completely which reduce the 
efficiency of the engine. Hence the maximum efficiency 
obtained at 900 rpm. 

Then the engine was run at the fixed rpm (900) 
and brake power was varied from 0.43 KW to 1.02 KW.

Figure 2 : Variation of brake specific fuel consumption with brake power (Engine speed 900 rpm)

Fig. 2 illustrates variation of brake thermal 
efficiency of engine with respect to brake power. It 
presents that the efficiency of the engine increases with 
the increase in brake power. The maximum brake 
thermal efficiency of diesel fuel is 22.86% at brake 

power 1.02 KW. Higher brake thermal efficiency is due 
to better mixing of fuel with air which results in better 
combustion. At higher brake power (> 1.02 KW) more 
amount of fuel is injected into the engine cylinder which 
not completely burned. It causes higher BSFC and low 
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brake thermal efficiency. This drop in efficiency is due to 
the poor volatility, viscosity and density of diesel
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Figure 3 : Variation of brake thermal efficiency 

Variation of brake thermal efficiency with brake power is 
illustrated in Fig. 3. From this figure it is observed that 
the brake thermal efficiency increases with the increase 
in engine load (brake power) for all fuels/ blends. It is 
interesting to note that compared to DF, BME 15 blends 
almost coincide with DF showing higher brake thermal 
efficiency than BME 5 and lower than BME 10 and BME 
20. The maximum value of brake thermal efficiencies 
with BME 5, BME 10,BME 15, BME 20 blends and DF 
were found to be 20.29%, 19.81%, 17.94% , 18.8% and 
19.73% respectively at brake power 1.02 KW. 

Figure 4 compares the fuel consumption of 
diesel, blends of BME at various brake power in the 
range of 0.43 KW-1.02 KW. It can be seen from the 
figures that the BSFC decreases with the increase in 
engine brake power. It is interesting to note that the 
BSFC is lower with all BME blends relative to DF.

with brake power
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Figure4 : Variation of brake specific fuel consumption 
with brake power

Brake specific energy consumption (BSEC) is 
lower with BME blends compared to DF. We know 
thermal efficiency is the reciprocal of fuel consumption 
and heating value. So that the brake thermal efficiency 
increases and BFSC decreases with the increase in 
engine load (brake power) for all fuels/blends. Thus, as 
the BSFC is lower with the BME blends the BFSC will 
also be lower with all BME blends the value of BFSC 
with BME 5, BME 10, BME 15, BME 20 blends and DF 
were found to be 0.40 kg/KW-hr, 0.41 kg/KW-hr,0.47 
kg/kW-hr, 0.43kg/kW-hr and 0.413 kg/KW-hr 
respectively at brake power 1.02 KW. However, for the 
BME 5 blend, the fuel consumption was lower when 
compare to other blends of BME and DF, when the 
applied load was 1.02 KW. The DF100 had the highest 
specific fuel consumption. However, as the brake power 
of the engine increases the specific fuel consumption for 
all BME blends and diesel.
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Figure 5 : Variation of exhaust gas temperature with 
brake power
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A slight variation of exhaust gas temperature of 
various DF and BME blend is investigated in Fig. 5. The 
exhaust gas temperature of BME 5, BME 10, BME 15 
and BME 20 are 82oC, 89oC, 93oC and 88oC respectively 
whereas diesel is 84oC. The reason is may be due to 
high auto ignition temperature for increase in exhaust 
gas temperature. Due to this, the heat that is generated 
due to the compression stroke gets shifted its direction 
toward the exhaust side and increases the exhaust gas 
temperature.

Figure 6 : Effect of BME on efficiency at low and high 
speed condition
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Variation of thermal efficiency with brake power 
is illustrated in Fig. 6. From the above figure it observed 
that the brake thermal efficiency increases with the 
increase in engine load (brake power) for all fuels 
/blends. But relatively BME 20 at speed 900 rpm gives 
higher thermal efficiency because of proper combustion 
of fuels. Due to the fact that at higher speed and lower 
speed more amount of fuel is injected into the engine 
cylinder which is not completely burned so thermal 
efficiency lower.
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Figure 7 : Effect of BME on BSFC at low and high speed 
condition

Fig. 7 represents the variation of BSFC with 
brake power. Thermal efficiency is the reciprocal of fuel 
consumption and heating value, So that the brake 
thermal efficiency increases and BSFC decreases with 
the increase in engine load (brake power) for all 
fuels/blends. It is observed. At speed 900 rpm BSFC is 
lower because a minimum amount of fuel is injected into 
the engine cylinder which is completely burned. So 
BSFC becomes lower. On the other hand at low and 
high speed condition engine remain idle so BSFC is 
higher than that of optimum speed.

Figure 8 : Effect of BME on temperature at low and high 
speed condition

0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1

82.0

82.5

83.0

83.5

84.0

84.5

85.0

85.5

86.0

86.5

87.0

87.5

88.0

Ex
ha

us
t  g

as
 t e

m
pe

ra
tu

re
(d

eg
.c

el
ci

us
)

Brake Power (KW)

 BME20@900rpm
 BME20@730rpm
 BME20@1000rpm

um
e 

 X
II
I 
 I
ss
ue

  
X
I 
 V

er
si
on

 I
  



               

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    

 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 

Bahera (T. Bellirica) Biodiesel Production in Bangladesh, Characterization of Bahera Biodiesel and its 
Performance on a Diesel Engine

© 2013  Global Journals Inc.  (US)

G
l o
ba

l 
Jo

ur
na

l 
of

R
es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
  

V
ol

  
  
  

  
  

  
  

  
  

42

  
 

(
)

A
Y
e
a
r

01
3

2

Fig. 8 shows the variation of exhaust gas 
temperature of various DF and BME blend. The exhaust 
gas temperature of BME 20 at speed 900 rpm is 
maximum. The reason is may be due to high auto 
ignition temperature for increase in exhaust gas 
temperature. At high or low speed the heat that is 
generated to the compression stroke is lower due to 
uncompleted combustion so less heat that is generated 
due to the compression stroke gets shifted its direction 
toward the exhaust side less. 

IV. Conclusions

This work discusses the production of BME in 
Bangladesh, characterization of BME and its blends and 
the influence of its blends on diesel engine 
performance. All results were compared with those of 
DF. The results of this work were summarized as 
follows: 
a) Bangladesh can reduce diesel import from foreign 

countries by 17% if Bahera is cultivated in the 
unused land of Bangladesh. 

b) Production of T. bellirica oil and its biodiesel was 
done and properties were compared with other 
vegetable oils, biodiesels and pure diesel. 

c) Compared to Jatropha oil, sunflower oil, Soybean oil 
and Rapeseed oil the viscosity, density, cloud point, 
pour point and oxidation stability are higher with T. 
bellirica oil. Rest of the physicochemical properties 
of tested T. bellirica oil was reasonable with those of 
other vegetable oil. 

d) The acid number, viscosity, cloud point, pour point, 
density and glycerin content of T. bellirica methyl 
ester were higher compared to Jatropha and 
Sunflower methyl ester. The cetane number and 
flash point were lowered by a limited value of those 
properties. 

e) The fuel properties of T. bellirica methyl ester were 
approximately similar to that of standard biodiesel. 
Whereas compared to pure diesel fuel properties of 
T. bellirica were varied in a considerable limit. 

f) T. bellirica biodiesel was tested in a single cylinder, 
4-stroke diesel engine. Compared to DF the brake 
thermal efficiency and BSFC with DF and BME 
blends were almost unchanged. 

g) The results of above investigation revealed the 
possibility of T. bellirica as a potential source of 
biodiesel. 
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Abstract-

 

This paper represents the difference between 
conventional process and modified process in pyrolysis 
technology. In this experiment it was tried to lessen the fuel 
cost and energy consumption using a parabolic solar 
collector, some side glasses and some magnifying glasses to 
concentrate sun beams and magnify the solar intensity for 
heating up the opaque reactor. The energy consumption in the 
conventional process was obtained as 9900000 J. The energy 
consumption obtained in case of modified pyrolysis process 
using solar energy was 7290000 J. Hence, the energy 
consumption was lessened by modified process by 26% than 
the conventional process. Here physical analysis of obtained 
oil has also been shown to determine the possibility of using it 
in diesel engine.
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I.

 

Introduction

 

 

reliable, affordable and clean energy supply is of 
major importance for society, economy and the 
environment-

 

and will prove to be crucial in the 
21st

 

century. In this context modern use of biomass (as 
opposed to traditional use) is considered very 
promising. The promise includes a widely available, 
renewable and CO2-neutral resource, suited for modern 
applications for the power generation, fuels and 
chemicals. Biomass has a distinct advantage over the 
use of other renewables, like solar cell and wind power, 
which are restricted because of the intermittent power 
generation. Biomass is by far the most applied 
renewable at this moment and a further increase is 
believed to be possible [1].

 

The standard of living and quality of life of a 
nation depend on per capita energy consumption. 
Bangladesh is a developing country, and is one of the 
most populated (914 persons/km2) countries in the 
world. Her per capita energy consumption in 2005 
stands at 227 kgOE (kilograms of oil equivalent), which 
is much below the world average of 1778 kgOE. The 
energy consumption mix was estimated as: indigenous 
biomass 60%, indigenous natural gas 27.45%, and 
imported oil 11.89%, imported coal 0.44% and hydro 
0.23% [2] More than 76% of the country’s population 

lives in rural areas, meeting most of their energy needs 
from traditional biomass fuels. Around 32% have access 
to electricity, while in rural area the availability of 
electricity is only 22%. Only 3-4% of the households 
have connection of natural gas for cooking purposes. 
Only about 2-3% households use kerosene for the same 
purpose and the rest (over 90%) of people depend on 
biomass for their energy needs [3].   Due to mitigate the 
large demand of electricity, there are lots of power 
plants established every year in Bangladesh. Most of the 
power plants are steam based. So, a large amount of 
furnace oil is required for running a boiler. Pyrolysis oil 
can be used both as furnace oil and fuel oil for cooking 
purpose. Pyrolysis oil has been successfully tested in 
engine, turbines and boilers, and been upgraded to high 
quality hydrocarbon fuels although at a presently 
unacceptable energetic and financial cost. Thus, it is 
crucial to find out alternative and sustainable resources 
such as pyrolysis oil to mitigate the energy crisis in 
Bangladesh. 

II. Pyrolysis and its Chemical 
Reaction 

Pyrolysis is an attractive method to recycle scrap 
tires has recently been the subject of renewed interest.  
Pyrolysis of tires can produce oils, chars, and gases, in 
addition to the steel cords, all of which have the potential to be 
recycled. Tire pyrolysis liquids (a mixture of paraffins, olefins 
and aromatic compounds) have been found to have a high 
gross calorific value (GCV) of around 41-44 MJ/kg, which 
would encourage their use as replacements for conventional 
liquid fuels [4, 5, 6]. In addition to their use as fuels, the liquids 
have been shown to be a potential source of light aromatics 
such as benzene, toluene and xylene (BTX), which command 
a higher market value than the raw oils [7, 8]. Similarly, the 
liquids have been shown to contain monoterpenes such as 
limonene [1-methyl-4-91-methylethenyl)-cyclohexene] [9, 10].  
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Figure 1

 

:

 

Thermal decomposition of organic solid 
wastes

 
Pyrolytic char may be used as a solid fuel or as a 

precursor for the manufacture of activated carbon [11, 12]. It 
was found that another potentially important end use of the 

pyrolytic carbon black (CBp) may be as an additive for crude 
bitumen [13]. Some of the previous research group studied 
the composition of evolved pyrolysis gas fraction and reported 
that it contains high concentration of methane, ethane, 
butadiene and another hydrocarbon gases with a GCV of 
approximately 37 MJ/m3, a value sufficient to provide the 
energy required by the pyrolysis process [14]. 

Table 1
 
:
 
Proximate and elemental analysis of solid 

waste tires [15]
 

Proximate analysis (wt %)
 

Elemental analysis (wt %)
 Moisture

 
0.82

 
Carbon (C)

 
80.30

 Volatile
 

62.70
 

Hydrogen (H)
 

7.18
 Fixed carbon

 
32.31

 
Nitrogen (N)

 
0.50

 Ash
 

4.17
 

Oxygen (O)
 

8.33
 H.C.V

 
(MJ/kg)

 

33.30
 

Others
 

3.69
 

 Pyrolysis can be presented by the following equation

 CaHbOc

 

+ Heat                           H2O + CO2

 

+ H2

 

+ CO

 

+ CH4 + C2H6

 

+CH2O +.………...…+ Tar(liquid oil) + Char

 The

 

three classes of products of pyrolysis, then, are 
volatiles, tar and char.

  

Table 2

 

:

 

Thermochemical conversion technologies, 
products and application

 Technology

 

Primary 
product

 

Example of 
application

 Pyrolysis

 
 
 

Liquefaction

 
Gasification

 
Combustion

 
 

Gas

 
Liquid

 
Solid char

 
Liquid

 
Gas

 
Heat

 

Fuel gas

 
Liquid fuel and 

chemical

 
Solid fuel or slurry 

fuel

 
Liquid fuel 
substitution

 
Fuel gas

 
Heating

 

III.

 

Pyrolysis

 

Technology

 

using

 

an

 Opaque

 

Reactor

 

Preheated

 

by

 Solar

 

Energy

 Though pyrolysis is not a new technology in this 
modern age, it is not so familiar yet using solar energy 
especially in case of opaque reactor. Some works have 
been carried out using transparent reactor made of 
glass implementing green house effect. But these are 
not suitable for mass production as the reactors made 
of glass cannot carry much load. To solve this problem an 
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Figure 2 : Methodology of Preheating



 

   

 

Figure 3

 

:

 

Experimental Setup of Preheating
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Figure 4 : Experimental Setup of Heating by Electrical Heater

experiment on ‘The modified pyrolysis process to 
minimize the energy consumption by preheating the 
opaque reactor using solar energy and determination of 
possibility in case of using it in diesel engine’ has been 

carried out in the month of July, 2013 in Rajshahi 
University of Engineering & Technology (RUET), 
Bangladesh.

                                     

Feed tire                               Pyrolytic oil                               Char

Figure 5 : Feed tire, Pyrolytic oil obtained by our process and Cha



 

   

 

 

 

   

IV.

 

Working

 

Procedure

 

a)

 

With

 

the Preheated Reactor by Solar Energy

 

•

 

The reactor

 

was poured with desired amount of 
biomass products (tyre).

 

•

 

Then the atmosphere into the reactor was made 
inert with the aid of nitrogen.

 

•

 

The reactor was heated up to 112°C

 

with solar 
energy which was concentrated by the parabolic 
solar collector, magnifying glasses and side glasses 
also.

 

•

 

After that the reactor was heated up to 285°C

 

using 
fuel using electric heater. At this moment pyrolysis 
was started. Then the temperature was increased 
up to 350°C.

 

•

 

The gaseous products after burning were 
condensed into the condenser using condensing 
water.

 

•

 

The nitrogen gas was supplied within a regular 
interval so that burning could not take place into the 
reactor. 

 

•

 

After condensing, the oil was gotten with some 
portion of flue gases which were burnt for the safety 
of atmosphere.

 

•

 

After burning the solid product (char) was gotten in 
the reactor.

 

•

 

After finishing the tire pieces into the reactor 
completely, new tire pieces were fed again to 
continue the process.

 

b)

 

Without using Solar Energy

 

In this case, similar process from (d to i) were 
done again and two processes were compared.
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c) Calculation of the Average Value
Similar operations were performed for 3 times 

for both partially using solar energy and without using 
solar energy to calculate the average value.

V. Calculation

For the first observation
Ambient temperature=40.5°C

Amount of feed material =500gm

Amount of pyrolysis oil=190gm

a) Pyrolysis Without Solar Energy
Total working time =110 minutes
Energy consumed =110*60*1500 J

                               =9900000 J

Energy consumed =81*60*1500 J
                               =7290000

So, the save is 26.36 %

i. For the Second Observation
Similarly the percentage of saving is 25.79

ii. For the Third Observation 
Similarly the percentage of saving is 25.29
Hence, the average saving of energy is 26%.

VI. Result and Discussion

a) Result
The average saving of energy is 26%.

b) Discussion
There are various graphs shown below to 

describe the relation among various parameters and 
these are also drawn to express the reasons of their 
relations. 

Save for 9900000 J is (9900000-7290000) J
Save for 100 J is (9900000-7290000)*100/9900000 J
                              =26.36J

Figure 6 : Time vs Temperature curve inside the reactor

35

45

55

65

75

85

95

105

115

125

0 10 20 30 40 50

Te
m

. i
ns

id
e 

th
e 

re
ac

to
r (

°C
)

Time  in minutes

Ambient tem. 40.5 
°C

Ambient tem. 39 °C

Ambient tem.  38°C



   

 

  

 
 

 

 

  
  

 

 
 

 

 

  

 

 
 

 
 

 
 

   
 

  
 

 

    

  
 

  

 
 

    

Since in case of preheating the temperature 
inside the reactor is increased with the increase of 
ambient temperature at approximately proportional rate. 
And at the initial time the temperature inside the reactor 
is same with the ambient temperature. For this reason it 

starts with a certain

 

initial temperature which is equal to 
the ambient temperature. When the ambient 
temperature is comparatively higher then increasing 
temperature inside the reactor was also higher than 
other.
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Figure 7 : Time vs recovery rate curve

Since the recovery starts at a certain 
temperature,  in case of solar energy this certain 
temperature is obtained after sometimes comperatively 
to the conventional process. But after getting this 

temparatrure with the help of electrical energy the 
recovery rate is approximately same and for this reason 
the curves patterns are also approximately same.

Figure 8 : Ambient temperature vs temperature curve inside the reactor
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Since temperature inside the reactor is a 
proportional function with the ambient temperature up to 
a certain range and after that the increasing rate is lower 
than previous increasing rate, the curve is like to that 
pattern.

Table 3 : Physical characteristics of tire pyrolysis oil after 
some treatments and its comparison with diesel

Analysis Tire pyrolytic oil Diesel [16]
Kinematic viscosity 

at 350C (cSt)
3.1 2.61*

Density (kg/m3) 920 827.1*

Flash Point (0C) 56 53
HHV(MJ/kg) 42.24 45.18

*at 200C



    

 
 

   

 

  
 

 
 

 
 

 
  

   
   

   
 

VII.

 

Conclusion

 

Experimentally

 

it has been seen from result that 
the cost and energy was saved by 26 % approximately 
than the conventional process. That contains a good 
probability to make more profit. And this process may 
become more attractive commercially and beneficial in 
the developing countries. 

 

From the comparison in table 
1, it is seen that the properties of tire pyrolysis oil 
obtained by authors are quite similar to diesel. That is 
why, there is a great possibility to use tire pyrolytic oil as 
an alternative of diesel. Though obtained properties of 
tire pyrolytic oil are comparatively lower than diesel, but 
if some treatments are taken then it will be useful as 
diesel. That will be helpful to meet the demand of fossil 
oil in future. Though treatment may increase the oil cost 

The Modified Pyrolysis Process to Minimize the Energy Consumption by Preheating the Opaque Reactor 
using Solar Energy and Determination of Possibility in Case of using it in Diesel Engine
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than diesel but it will be beneficial when mass 
production will taken.
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Researches in Engineering, Medical Research, Science Frontier Research, Human Social Science, Management, and Business organization. 
The choice of specific field can be done otherwise as following in Abstracting and Indexing Page on this Website. As the all Global 
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Journals Inc. (US) are being abstracted and indexed (in process) by most of the reputed organizations. Topics of only narrow interest will 
not be accepted unless they have wider potential or consequences. 

2. ETHICAL GUIDELINES 

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

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

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

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

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

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

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

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

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

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

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

Please mention proper reference and appropriate acknowledgements wherever expected. 

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

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

3. SUBMISSION OF MANUSCRIPTS 

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

Manuscript submission is a systematic procedure and little preparation is required beyond having all parts of your manuscript in a given 
format and a computer with an Internet connection and a Web browser. Full help and instructions are provided on-screen. As an author, 
you will be prompted for login and manuscript details as Field of Paper and then to upload your manuscript file(s) according to the 
instructions. 
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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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Figure Legends: Self-explanatory legends of all figures should be incorporated separately under the heading 'Legends to Figures'. In the 
full-text online edition of the journal, figure legends may possibly be truncated in abbreviated links to the full screen version. Therefore, 
the first 100 characters of any legend should notify the reader, about the key aspects of the figure. 

6. AFTER ACCEPTANCE

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

 

6.1 Proof Corrections

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

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

(Free of charge) from the following website: 

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

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

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

 

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

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

 

6.3 Author Services

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

 

6.4 Author Material Archive Policy

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

 

6.5 Offprint and Extra Copies

 
A PDF offprint of the online-published article will be provided free of charge to the related author, and may be distributed according to 
the Publisher's terms and conditions. Additional paper offprint may be ordered by emailing us at: editor@globaljournals.org . 

You must strictly follow above Author Guidelines before submitting your paper or else we will not at all be responsible for any
corrections in future in any of the way.

   

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

   

XIV



 

 
 

 
 

2. Evaluators are human: First thing to remember that evaluators are also human being. They are not only meant for rejecting a paper. 
They are here to evaluate your paper. So, present your Best. 

3. Think Like Evaluators: If you are in a confusion or getting demotivated that your paper will be accepted by evaluators or not, then 
think and try to evaluate your paper like an Evaluator. Try to understand that what an evaluator wants in your research paper and 
automatically you will have your answer. 

4. Make blueprints of paper: The outline is the plan or framework that will help you to arrange your thoughts. It will make your paper 
logical. But remember that all points of your outline must be related to the topic you have chosen.  

5. Ask your Guides: If you are having any difficulty in your research, then do not hesitate to share your difficulty to your guide (if you 
have any). They will surely help you out and resolve your doubts. If you can't clarify what exactly you require for your work then ask the 
supervisor to help you with the alternative. He might also provide you the list of essential readings. 

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

 

7. Use right software: Always use good quality software packages. If you are not capable to judge good software then you can lose 
quality of your paper unknowingly. There are various software programs available to help you, which you can get through Internet. 

 

8. Use the Internet for help: An excellent start for your paper can be by using the Google. It is an excellent search engine, where you can 
have your doubts resolved. You may also read some answers for the frequent question how to write my research paper or find model 
research paper. From the internet library you can download books. If you have all required books make important reading selecting and 
analyzing the specified information. Then put together research paper sketch out. 

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

 

10. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right! It is a good habit, which helps to 
not to lose your continuity. You should always use bookmarks while searching on Internet also, which will make your search easier. 

 

 

Before start writing a good quality Computer Science Research Paper, let us first understand what is Computer Science Research Paper? 
So, Computer Science Research Paper is the paper which is written by professionals or scientists who are associated to Computer Science 
and Information Technology, or doing research study in these areas. If you are novel to this field then you can consult about

 
this field 

from your supervisor or guide.
 

TECHNIQUES FOR WRITING A GOOD QUALITY RESEARCH PAPER:
 

1. Choosing the topic:
 
In most cases, the topic is searched by the interest of author but it can be also suggested by the guides. You can 

have several topics and then you can judge that in which topic or subject you are finding yourself most comfortable. This can
 
be done by 

asking several questions to yourself, like Will I be able to carry our search in this area? Will I find all necessary recourses to accomplish 
the search? Will I be able to find all information in this field area? If the answer of these types of questions will be "Yes" then you can 
choose that topic. In most of the cases, you may have to conduct the surveys and have to visit several places because this field is related 
to Computer Science and Information Technology. Also, you may have to do a lot of work to find all rise and falls regarding the various 
data of that subject. Sometimes, detailed information plays a vital role, instead of short information.

 

 

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

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

XV



 

 
 

16. Use proper verb tense: Use proper verb tenses in your paper. Use past tense, to present those events that happened. Use present 
tense to indicate events that are going on. Use future tense to indicate future happening events. Use of improper and wrong tenses will 
confuse the evaluator. Avoid the sentences that are incomplete. 

17. Never use online paper: If you are getting any paper on Internet, then never use it as your research paper because it might be 
possible that evaluator has already seen it or maybe it is outdated version.  

Pick a good study spot: To do your research studies always try to pick a spot, which is quiet. Every spot is not for studies. Spot that 
suits you choose it and proceed further. 

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

 

20. Use good quality grammar: Always use a good quality grammar and use words that will throw positive impact on evaluator. Use of 
good quality grammar does not mean to use tough words, that for each word the evaluator has to go through dictionary. Do not start 
sentence with a conjunction. Do not fragment sentences. Eliminate one-word sentences. Ignore passive voice. Do not ever use a big 
word when a diminutive one would suffice. Verbs have to be in agreement with their subjects. Prepositions are not expressions to finish 
sentences with. It is incorrect to ever divide an infinitive. Avoid clichés like the disease. Also, always shun irritating alliteration. Use 
language that is simple and straight forward. put together a neat summary. 

21. Arrangement of information: Each section of the main body should start with an opening sentence and there should be a 
changeover at the end of the section. Give only valid and powerful arguments to your topic. You may also maintain your arguments with 
records. 

 

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

23. Multitasking in research is not good: Doing several things at the same time proves bad habit in case of research activity. Research is 
an area, where everything has a particular time slot. Divide your research work in parts and do particular part in particular time slot. 

 

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

 

25. Take proper rest and food: No matter how many hours you spend for your research activity, if you are not taking care of your health 
then all your efforts will be in vain. For a quality research, study is must, and this can be done by taking proper rest and food.  

 

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

 

12. Make all efforts: Make all efforts to mention what you are going to write in your paper. That means always have a good start. Try to 
mention everything in introduction, that what is the need of a particular research paper. Polish your work by good skill of writing and 
always give an evaluator, what he wants. 

13. Have backups: When you are going to do any important thing like making research paper, you should always have backup copies of it 
either in your computer or in paper. This will help you to not to lose any of your important. 

14. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality. Using several 
and unnecessary diagrams will degrade the quality of your paper by creating "hotchpotch." So always, try to make and include those 
diagrams, which are made by your own to improve readability and understandability of your paper. 

15. Use of direct quotes: When you do research relevant to literature, history or current affairs then use of quotes become essential but 
if study is relevant to science then use of quotes is not preferable.  

18.
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sufficient. Use words properly, regardless of how others use them. Remove quotations. Puns are for kids, not grunt readers. 
Amplification is a billion times of inferior quality than sarcasm. 

32. Never oversimplify everything: To add material in your research paper, never go for oversimplification. This will definitely irritate the 
evaluator. Be more or less specific. Also too, by no means, ever use rhythmic redundancies. Contractions aren't essential and shouldn't 
be there used. Comparisons are as terrible as clichés. Give up ampersands and abbreviations, and so on. Remove commas, that are, not 
necessary. Parenthetical words however should be together with this in commas. Understatement is all the time the complete best way 
to put onward earth-shaking thoughts. Give a detailed literary review. 

33. Report concluded results: Use concluded results. From raw data, filter the results and then conclude your studies based on 
measurements and observations taken. Significant figures and appropriate number of decimal places should be used. Parenthetical

 

remarks are prohibitive. Proofread carefully at final stage. In the end give outline to your arguments. Spot out perspectives of further 
study of this subject. Justify your conclusion by at the bottom of them with sufficient justifications and examples. 

 

34. After conclusion: Once you have concluded your research, the next most important step is to present your findings. Presentation is 
extremely important as it is the definite medium though which your research is going to be in print to the rest of the crowd. Care should 
be taken to categorize your thoughts well and present them in a logical and neat manner. A good quality research paper format is 
essential because it serves to highlight your research paper and bring to light all necessary aspects in your research.

 

Key points to remember:  

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

Final Points:  

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

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

 

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

28. Make colleagues: Always try to make colleagues. No matter how sharper or intelligent you are, if you make colleagues you can have 
several ideas, which will be helpful for your research. 

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

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

31. Adding unnecessary information: Do not add unnecessary information, like, I have used MS Excel to draw graph. Do not add 
irrelevant and inappropriate material. These all will create superfluous. Foreign terminology and phrases are not apropos. One should 
NEVER take a broad view. Analogy in script is like feathers on a snake. Not at all use a large word when a very small one would be                    

29.
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Separating a table/chart or figure - impound each figure/table to a single page 
Submitting a manuscript with pages out of sequence 

In every sections of your document 

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

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

 

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

 

· Align the primary line of each section 

 

· Present your points in sound order 

 

· Use present tense to report well accepted  

 

· Use past tense to describe specific results  

 

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

 

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

 

Title Page: 

 

Choose a revealing title. It should be short. It should not have non-standard acronyms or abbreviations. It should not exceed two printed 
lines. It should include the name(s) and address (es) of all authors. 

 
 

 

 

 

Writing a research paper is not an easy job no matter how trouble-free the actual research or concept. Practice, excellent preparation, 
and controlled record keeping are the only means to make straightforward the progression.  

General style: 

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

To make a paper clear 

· Adhere to recommended page limits 

Mistakes to evade 

Insertion a title at the foot of a page with the subsequent text on the next page 
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shortening the outcome. Sum up the study, with the subsequent elements in any summary. Try to maintain the initial two items to no 
more than one ruling each.  

Reason of the study - theory, overall issue, purpose 
Fundamental goal 
To the point depiction of the research 
Consequences, including definite statistics - if the consequences are quantitative in nature, account quantitative data; results 
of any numerical analysis should be reported 
Significant conclusions or questions that track from the research(es) 

Approach: 

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

Introduction:  

 

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

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

Approach: 

Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job is 
done.  
Sort out your thoughts; manufacture one key point with every section. If you make the four points listed above, you will need a

 

least of four paragraphs. 

 

 

Abstract: 

The summary should be two hundred words or less. It should briefly and clearly explain the key findings reported in the manuscript--
must have precise statistics. It should not have abnormal acronyms or abbreviations. It should be logical in itself. Shun citing references 
at this point. 

An abstract is a brief distinct paragraph summary of finished work or work in development. In a minute or less a reviewer can be taught 
the foundation behind the study, common approach to the problem, relevant results, and significant conclusions or new questions.  

Write your summary when your paper is completed because how can you write the summary of anything which is not yet written? 
Wealth of terminology is very essential in abstract. Yet, use comprehensive sentences and do not let go readability for briefness. You can 
maintain it succinct by phrasing sentences so that they provide more than lone rationale. The author can at this moment go straight to 
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principle while stating the situation. The purpose is to text all particular resources and broad procedures, so that another person may 
use some or all of the methods in one more study or referee the scientific value of your work. It is not to be a step by step report of the 
whole thing you did, nor is a methods section a set of orders. 

 

Materials: 

Explain materials individually only if the study is so complex that it saves liberty this way. 
Embrace particular materials, and any tools or provisions that are not frequently found in laboratories.  
Do not take in frequently found. 
If use of a definite type of tools. 
Materials may be reported in a part section or else they may be recognized along with your measures. 

Methods:  

Report the method (not particulars of each process that engaged the same methodology) 
Describe the method entirely 
To be succinct, present methods under headings dedicated to specific dealings or groups of measures 
Simplify - details how procedures were completed not how they were exclusively performed on a particular day.  
If well known procedures were used, account the procedure by name, possibly with reference, and that's all.  

Approach:  

It is embarrassed or not possible to use vigorous voice when documenting methods with no using first person, which would 
focus the reviewer's interest on the researcher rather than the job. As a result when script up the methods most authors use 
third person passive voice. 
Use standard style in this and in every other part of the paper - avoid familiar lists, and use full sentences. 

What to keep away from 

Resources and methods are not a set of information. 
Skip all descriptive information and surroundings - save it for the argument. 
Leave out information that is immaterial to a third party. 

Results: 

 
 

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

 

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

 

Present surroundings information only as desirable in order hold up a situation. The reviewer does not desire to read the 
whole thing you know about a topic. 
Shape the theory/purpose specifically - do not take a broad view. 
As always, give awareness to spelling, simplicity and correctness of sentences and phrases. 

Procedures (Methods and Materials): 

This part is supposed to be the easiest to carve if you have good skills. A sound written Procedures segment allows a capable scientist to 
replacement your results. Present precise information about your supplies. The suppliers and clarity of reagents can be helpful bits of 
information. Present methods in sequential order but linked methodologies can be grouped as a segment. Be concise when relating the 
protocols. Attempt for the least amount of information that would permit another capable scientist to spare your outcome but be
cautious that vital information is integrated. The use of subheadings is suggested and ought to be synchronized with the results section. 
When a technique is used that has been well described in another object, mention the specific item describing a way but draw the basic 
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Do not present the similar data more than once. 
Manuscript should complement any figures or tables, not duplicate the identical information. 
Never confuse figures with tables - there is a difference. 

Approach 
As forever, use past tense when you submit to your results, and put the whole thing in a reasonable order.
Put figures and tables, appropriately numbered, in order at the end of the report  
If you desire, you may place your figures and tables properly within the text of your results part. 

Figures and tables 
If you put figures and tables at the end of the details, make certain that they are visibly distinguished from any attach appendix 
materials, such as raw facts 
Despite of position, each figure must be numbered one after the other and complete with subtitle  
In spite of position, each table must be titled, numbered one after the other and complete with heading 
All figure and table must be adequately complete that it could situate on its own, divide from text 

Discussion: 

 

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

Make a decision if each premise is supported, discarded, or if you cannot make a conclusion with assurance. Do not just dismiss
a study or part of a study as "uncertain." 
Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results that
you have, and take care of the study as a finished work  
You may propose future guidelines, such as how the experiment might be personalized to accomplish a new idea. 
Give details all of your remarks as much as possible, focus on mechanisms. 
Make a decision if the tentative design sufficiently addressed the theory, and whether or not it was correctly restricted. 
Try to present substitute explanations if sensible alternatives be present. 
One research will not counter an overall question, so maintain the large picture in mind, where do you go next? The best
studies unlock new avenues of study. What questions remain? 
Recommendations for detailed papers will offer supplementary suggestions.

Approach:  

When you refer to information, differentiate data generated by your own studies from available information 
Submit to work done by specific persons (including you) in past tense.  
Submit to generally acknowledged facts and main beliefs in present tense.  

Content 

Sum up your conclusion in text and demonstrate them, if suitable, with figures and tables.  
In manuscript, explain each of your consequences, point the reader to remarks that are most appropriate. 
Present a background, such as by describing the question that was addressed by creation an exacting study. 
Explain results of control experiments and comprise remarks that are not accessible in a prescribed figure or table, if 
appropriate. 
Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or in manuscript form. 

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 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. 

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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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
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