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Engine with Biodiesel Blends
By M. Anandan, S. Sampath & Natteri M. Sudharsan

Abstract- The present investigation deals with combustion, emission and performance
characteristics of a single cylinder DI diesel engine for biodiesel blends (J10, J20, J30, P10, P20,
P30) with the optimum use of EGR system by the formulation of matrix analysis. Compression
ratios like 17.5:1, 19:1, 20:1 were varied. The piston was modified by cold metal transfer (CMT)
welding with the use of aluminium alloy on the piston bowl of the diesel engine. Tests were
performed at different loading conditions and results were obtained. The performance study
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Effect of Compression Ratio and Exhaust Gas
Recirculation (EGR) on Combustion, Emission
and Performance of DI Diesel Engine with
Biodiesel Blends

M. Anandan®, S. Sampath ° & Natteri M. Sudharsan”

Abstract- The present investigation deals with combustion,
emission and performance characteristics of a single cylinder
DI diesel engine for biodiesel blends (J10, J20, J30, P10, P20,
P30) with the optimum use of EGR system by the formulation
of matrix analysis. Compression ratios like 17.5:1, 19:1, 20:1
were varied. The piston was modified by cold metal transfer
(CMT) welding with the use of aluminium alloy on the piston
bowl of the diesel engine. Tests were performed at different
loading conditions and results were obtained. The
performance study suggests that BTE was found to be
increased with J20 CR20 and slight reduction with J20 CR20
E20 blend compared to diesel. Peak pressure was higher for
J20 CR20 conforming better combustion characteristics over
other biodiesel blends. Ignition delay were shorter for J20
CR20 and P20 CR20 blends with crank angle varying from
23.4 deg to 10.78 deg for J20 CR20 and 23.4 deg to 10.48
deg for P20 CR20 before TDC. NOx emission was increased
with the increase in percentage of biodiesel blends. Significant
NOx reduction in biodiesel blends were found with the use of
EGR in J20 CR20 EGR20 and P20 CR20 EGR20.

Keywords.: compression ratio, exhaust gas recirculation,
biodiesel blends, combustion, emission.

[. INTRODUCTION

n alternate fuel resource for IC engines is in great
demand owing to various criteria. Usage of fossil

fuel inhibits a scarcity of fossils and creates a
complication for renewal. In such a case, the use of
biodiesel is growing at a rapid rate to replace the diesel
fuel. Biodiesel is a term that describes a fuel comprised
of mono-alkyl esters of long chain fatty acids derived
from vegetable or animal oils. The vegetable oil based
biodiesel has found a prominent place as an alternate
fuel due to the depletion in the conventional fossil fuels
[1], [2], [3]. The esterification of biodiesels from its
major crude vegetable oil was used as a well-known
biofuel. Early scientists have also conducted
experiments on vegetable oils like (Thevetia Peruviana,

Author o Associate Professor, Department of Marine Engineering, Sri
Venkateswara College of Engineering, Chennai, Tamilnadu, India.
e-mail: ananaanmoothy@gmail.com

Author o.  Professor, Department of Automobile Engineering,
Rajalakshmi Engineering College, Chennal, Tamilnadu, India.

Author p:  Professor, Department of Mechanical Engineering,
Rajalakshmi Engineering College, Chennai, Tamilnadu, India.

Neem oil) etc [4], [5]. In India, the large availability of
Jatropha and Pongamia makes them a prime raw
material for the production of biodiesel. Jatropha, is
being spread across India as a vital crop to be
cultivated due to the extensive advantages it inhibits [6].
Due to the similar fuel properties of biodiesel with the
conventional diesel oil, it can be blended in varying
proportions and used as an alternate fuel in Diesel
engines [7]. Fuel consumption of biodiesel is slightly
higher than conventional diesel due to lesser calorific
value [8]. The exhaust gas of a diesel engine consists of
a high level of NOx along with HC, CO, CO, and
particulate matter [9]. All these gases pollute the
atmosphere to a great extent that results in serious
health hazards to human beings and also in the advent
of precarious natural phenomenon like acid rain and
greenhouse effect. One of the key method to
overcoming this problem in engines is the use of an
EGR system. Exhaust gas recirculation system is used
as a hot mode by suffusing the varying percentage of
burnt gases into the inlet port for reducing NOx
emissions [10]. Exhaust gases resulting in lowering the
emission of NOx by reduction of combustion
temperature and excess oxygen [11]. As the working of
this system is in direct concern to the environment, this
system may be called an eco-friendly system. The
methodology of EGR system is as follows.

II. EGR SYSTEM

EGR is one of the efficacious methods in
reducing NO, emissions in diesel engines. EGR has got
its own limitations as at higher EGR rates the
combustion is affected due to less availability of oxygen
and hence increase in smoke emissions results in
higher fuel consumption [12]. Hence a by-pass for the
exhaust gas is provided along with the manually
controlled EGR valve. The exhaust gas comes out of the
engine during the exhaust stroke at a high pressure and
is pulsating in nature. It is desirable to remove these
pulses in order to make the volumetric flow rate
measurements of the recirculating gas possible. For this
purpose, smaller air box with a diaphragm is installed
along the EGR route. A U-tube manometer is mounted

© 2014 Global Journals Inc. (US)
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across the orifice in order to measure the EGR flow rate.
Suitable instrumentation is provided to acquire useful
data from various locations. Thermocouples are placed
in intake manifold and exhaust manifold at various
points along the EGR route. A matrix of test conditions is
used to investigate the effect of EGR on exhaust gas
temperature and exhaust smoke opacity. The schematic
diagram of exhaust gas recirculation (EGR) system
attached with the diesel engine is as shown in Fig. 1.

Increasing the exhaust pipe line length (15 metres) and
placing the EGR system far away from the diesel engine
reduces the exhaust gas temperature through natural
convection. Manually controlled EGR valve was
attached to pass the required amount of exhaust gas
into the engine cylinder to combine with the intake air
and is thus controlled accurately. Percentage of EGR
was calculated using the following equation

volume of air without EGR — volume of air with EGR

x 100

Percentage of EGR =

I1I. TRANSESTERIFICATION PROCESS

Transesterification is a suitable method for
utilizing vegetable oils in DI diesel engine for long term
applications without any major modifications and
durability problems. Transesterification of vegetable oil
enhances the quality of biofuel by reducing its viscosity.
Transesterification is influenced by the reaction
temperature, catalyst and stirring speed [13]. A two-step

acid base process was used to prepare the biodiesel. In

CH,0COR;
H,S0,; KOH
CHOCOR, + 3CH30H _—
4_
A
Catalyst
CH,0COR;

Triglycerides Methanol

a) Fuel Properties

Jatropha Methyl Ester (JME) and Pongamia
Methyl Ester (PME) were mixed separately with diesel in
varying proportions (10%, 20% and 30% by volume) and
test fuels J10, J20, J30, P10, P20 and P30were
prepared. The properties of neat diesel and biodiesel
blends are presented in Table 1. Density and viscosity of
biodiesel blends increases with increase in percentage
volume of biodiesel due the higher molecular weight of
fatty acids in biodiesel [15]. Respectively the density of
biodiesel blends is higher than neat diesel oil. Density of
higher jatropha and Pongamia blends is found to be 874
kg/m® and 891 kg/m?®. Kinematic viscosity of Jatropha
and Pongamia blends is higher at J30 and P30
compared with diesel. Flash point of biodiesel blend is
higher when compared with diesel. This is due to high
vaporization temperature of biodiesel in air for
combustion. Higher flash point enables storage of
biodiesel blends safer than diesel and within the IS

© 2014 Global Journals Inc. (US)

volume of air without EGR

the first step acid pre-treatment was used to extract the
biodiesel from crude Jatropha and Pongamia oil
followed by base transesterification using Methanol as a
regeant; H,SO, and KOH used as a catalyst. The
physical and chemical properties of JME-Diesel, PME-
Diesel was evaluated as per the IS 15607-2005
standards. The conversion of methyl esters from

triglycerides with the presence of catalyst as
represented in the following equation [14].
CH,0OH + R;COOCH3
CHOH + R,COOCH3
CH,0H + R3COOCH3
Glycerol Methyl esters

5607-2005 standard limits [16]. Cetane number of
biodiesel blends is higher when compared to diesel.
Higher Cetane values of fuel enhance the combustion
quality and hence smooth operation of the engine is
guaranteed [17].

[V. EXPERIMENTAL SETUP

The experimental investigation were conducted
on a single cylinder air cooled DI diesel engine. The
maximum power extracted by an engine was 4.4 kW at a
rated speed of 1500rpm. The specification of the engine
is shown in Table 2. The experimental setup is as shown
in Fig. 1. Cylinder pressure is measured using AVL
GH14D Pressure Transducer. The pressure transducer
is located in a hole drilled through the cylinder head into
the combustion chamber. The sensing element consists
of metal diaphragm, which deflects under pressure. AVL
365C angle encoder is used to convert the Analog
signal into a digital electrical signal. DAQ card was



connected to the encoder to evaluate the electrical
signals and determine the crank angular position. AVL
3066A02 Piezo Charge Amplifier is used to convert the
electrical charge output of the pressure transducer into
voltage. K type thermocouple was attached with diesel
engine to measure the exhaust gas temperature.
Electrical dynamometer is coupled to the engine by
flexible coupling for measuring the brake power of the
engine. It consists of a 5KVA AC alternator (220V,
1500rpm) mounted on the bearings and on the rigid
frame for the swinging field type loading. The output
power is directly obtained by measuring the reaction
torque. Reaction force (torque) is measured by using a
strain gauge type load cell. Panel board consists of
Ammeter, Voltmeter switches and fuse, load cell
indicator and temperature indicator. MRU delta 1600L
Exhaust Gas Analyser was used to measure NO,, HC,
CO and CO, emissions. The emissions of CO (carbon
monoxides) and HC (hydrocarbons) were measured by
means of infrared measurement. AVL 415 Smoke meter
is used to measure the percentage of smoke present in
the exhaust gas. A fraction of the exhaust gas was
sampled by means of a probe in the exhaust line and
drawn through a filter paper. The resultant blackening of
the filter paper was measured by a reflectometer and
hence the opacity in the exhaust gas was determined.
The list of instrumentation details is shown in Table 3.
Exhaust gas recirculation (EGR) system externally fixed
with diesel engine analysis the engine combustion and
emission characteristics.

a) Testing Procedure

The single cylinder direct injection diesel engine
was initially operated with neat diesel oil to maintain the
wall temperature of the engine for proper combustion of
biodiesel. Tests were performed for different loading
conditions (0%, 25%, 50%, 75% and 100%) using JME
and PME blends and for each loading condition the
engine was allowed to run for 15minutes. Three sets of
readings were taken for each test fuel. Varying
compression ratio is attained in a constant compression
ratio diesel engine through the modification of the bowl
in piston as shown in Fig. 2 using aluminium alloy as an
additive material by a low temperature CMT welding
process. Compression ratio of 17.5:1, 19:1 and 20:1
were chosen for the present study. Exhaust gas
recirculation is used in varying percentage by volume
(10%, 20% and 30%). These three parameters were
optimized by design of experiments (orthogonal array)
and are shown in Fig. 3 and Table 3. Through this matrix
approach the following conditions were selected for the
optimized parameters: fuel blends (JME 20% and PME
20%), compression ratio 20:1 and Exhaust gas
recirculation 20%.

V. ERROR ANALYSIS

The maximum possible error in  various
measured parameters namely pressure, temperature,
exhaust gas emissions, time, flow and speed estimated
from the minimum values of output and accuracy of the
instrument is calculated using the method proposed by
(Moffat 1985). This method is based on careful
specification of the uncertainties in the various
experimental measurements. Instruments used for
measuring various engine parameters as shown in
Table 4.

If an estimated quantity S, depends on
independent variables like (x1, x2, x3 ............ xn) then

the error in the value of S is given by
2]2
N oX,
Xn

s |(ox Y (ox Y
- = — | | —= F.e.....
S X, X,

X | | 0%, ,
Where, | — |,| —= |, are the errors in the
X Xy

independent variables.

= square root of ((uncertainty of pressure transducer)?
+ (uncertainty of angle encoder)® + (uncertainty of
charge amplifier)® + (uncertainty of smoke meter)® +
(uncertainty of NO)®> + (uncertainty of UBHC)® +
(uncertainty of CO)*> + (uncertainty of CO2) +
(uncertainty of thermocouple)® + of
burette)? + (uncertainty of load cell)?)

= square root of (((0.20)®> + (2)®> + (0.15)2 + (0.9)
(1.74)> + (0.31) + (0.67)* + (4.4) + (0.4)* + (0.15)
(0.21)?) =square root of (8.831) =2.971%.

VL.

(uncertainty
+
+

RESULTS AND DISCUSSION

a) Combustion

i. Cylinder Pressure

The variation of cylinder pressure with respect
to crank angle (CA) for diesel, biodiesel blends with
different compression ratio and effect of EGR is shown
in Fig. 4. for full load conditions. The peak cylinder
pressure for diesel, J20 CR17.5, J20 CR20, J20 CR20
EGR20%, P20 CR17.5, P20 CR20 and P20 CR20
EGR20% was obtained as 75.729bar at 7°CA after TDC,
75.194bar at 7°CA after TDC, 77.987bar at 7°CA after
TDC, 76.501bar at 7°CA after TDC, 75.523bar at 7°CA
after TDC, 75.201bar at 7°CA after TDC and 74.511barat
7°CA after TDC respectively. For all engine loads,
cylinder pressure gradually increases for compression
stroke. It attains the peak value at 7°CA after top dead
centre (TDC). The quantity of fuel burned was increased
with increasing the engine load. If a peak pressure
occurs very close to TDC that cause severe knock and
affects the engine durability [18]. In this experiment,
while operating with biodiesel blends the peak pressure

© 2014 Global Journals Inc. (US)
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takes place after TDC and ensures safe and efficient
operation. It is observed from the figure that the peak
cylinder pressure with J20 CR20 blend was 2.53 bar
higher than that of diesel. The reason for maximum
cylinder pressure of J20 CR20 is increase in
compression ratio. While engine was operated with EGR
system, the peak cylinder pressure was found to
decrease due to the increase in intake air temperature
[19]. This in turn shortens the ignition delay period and
hence results in lower peak pressure.

ii. Heat release rate theoretical consideration
Rate of heat release developed inside the
cylinder during the combustion stroke was analyzed
based on the in-cylinder pressure for various engine
loads. The formula used to calculate the rate of heat
release is given in Eq (1),

dQn _
de y—-1

Yy v 1 dp
p 6+y—1v+d6

(1)

Where, y-is the ratio of specific heats (C,/C,)

(Heywood 1988). The appropriate range of y (for diesel)
dQn

heat release analysis is 1.3 to 1.35. is the heat

transfer in kd/m®.degree, P-is the instantaneous cylinder
pressure (bar), V-is the instantaneous cylinder volume
(M3).

iii. Rate of Heat Release

The change of heat release rate with respect to
crank angle (CA) for diesel and biodiesel blends with
different compression ratio and the effect of EGR as
shown in Fig. 5. for full load conditions. The peak heat
release rate for diesel, J20 CR17.5, J20 CR20, J20 CR20
EGR20%, P20 CR17.5, P20 CR20 and P20 CR20
EGR20% was obtained as 69.854 kJ/m3deg, 65.326
kd/mideg, 62.481 kJ/m°deg, 64.427 kJ/m3deg, 79.791
kd/mé.deg, 76.478 kJ/mideg and 70.079 kJ/md.deg
respectively. Maximum heat release rate for biodiesel
blends occurs earlier than for diesel due to its shorter
ignition delay period [20]. It is observed from the figure
that, heat release rate gets reduced as the percentage
of biodiesel blends increases. The reason for reduced
heat release rate of biodiesel blends with EGR is due to
higher temperature of intake air.

iv. Cumulative Heat Release Rate

The change of cumulative heat release rate with
respect to crank angle (CA) for diesel and biodiesel
blends with different compression ratio and the effect of
EGR as shown in Fig. 6. The CHRR values were
evaluated from the end of compression stroke to the
beginning of expansion stroke. It is observed from the
figure that JME blends shows higher cumulative heat
release rate compared to diesel because of the
presence of oxygen molecules in the biodiesel fuel.
Meanwhile, CHRR gets lowered for biodiesel fuels with

© 2014 Global Journals Inc. (US)

EGR operation because of the reduction in combustion
temperature.

v. lgnition Delay

Ignition delay is the delay period between the
start of injection and the start of combustion. The
ignition delay period of DI diesel engine was calculated

by Eq (2).

Tiqg = Ap "exp (E—‘}) @)

T~ lgnition delay, E,- apparent activation

energy, R - universal gas constant, A, n-constants
(depend on fuel injection and air-flow characteristics).
The ignition delay for Jatropha, Pongamia methyl ester
blends and diesel at full load condition is shown in Table
5. The ignition delay period in a diesel engine has an
influence on both the engine design and its performance
[21]. Ignition delay of Diesel, J20 CR17.5, J20 CR20,
J20 CR20 EGR20%, P20 CR17.5, P20 CR20 and P20
CR20 EGR20% is 14.18° 13.62°, 12.62°, 11.24°, 13.1°,
13.92° and 11.59° (CA) respectively. The ignition delay
for biodiesel blends decreases with the increase in
percentage of biodiesel due to the higher Cetane
number of biodiesel compared with diesel.

b) Emission
The emission and performance characteristic of
the IC engine is shown in Table 6.

i. NO, formation mechanism

Thermal NOx is produced by the reaction of
atmospheric  oxygen and nitrogen at elevated
temperatures and is reported to contribute about 20% of
the total NOx. Nitric oxide is the predominant oxide of
nitrogen produced inside the engine cylinder. Nitric
oxide (NO) and Nitrogen oxide (NO,) are grouped
together as a NOx emission [22]. Mechanism of NO,
formation is proposed by Zeldovich was given by,

O+ N,=NO + N 3)
N+0,=NO+0 (4)
N+ OH = NO + H 5)

ii. NO, emission

The change of NO, emission for Diesel, J20
CR17.5, J20 CR20, J20 CR20 EGR20%, and P20
CR17.5, P20 CR20 and P20 CR20 EGR20% with brake
power was shown in Fig. 7. At lower temperatures,
nitrogen exists as a stable diatomic molecule but at
higher temperature it becomes reactive. Hence higher
temperature and availability of excess oxygen are two
main factors which facilitate the formation of NO, [23].
The concentration of NO, emission increases with
increase in engine loads. The NO, formation is higher
with biodiesel blends than diesel oil. The NO, formation
value for the Jatropha and Pongamia blends was found



to be 668 and 721ppm for J20 and 678 and 741ppm for
P20 as optimum blend for 17.5 and 20 CR. This is due
to higher Cetane number and availability of excess
oxygen in the biodiesel inducing proper combustion
[24]. NO, level decreases with the use of EGR system
due to the higher specific heat of recirculated exhaust
gas and reducing the excess oxygen in the intake
charge. The NO, level of Jatropha and Pongamia with
EGR system was found to be 534ppm and 612ppm.
iii. HC Ermission

The variation of hydrocarbon (HC) for diesel and
blends J20 CR17.5, J20 CR20, J20 CR20 EGR20%, P20
CR17.5, P20 CR20 and P20 CR20 EGR20% with brake
power is shown in Fig. 8. Hydrocarbon emission from
diesel engine acts as irritants and odorants while some
are toxic carcinogenic. HC emission is due to the
insufficiency of oxygen level to consume all the fuel
during combustion. This is because of non-homogeneity
of fuel-air mixture [25]. The HC emission varies from 13
ppm at part load to 30 ppm at rated load for diesel,
while for J20 CR17.5 it varies from 4 ppm at part load to
24.59 ppm at rated load. For J20 CR20 it varies from
5.89 ppm at part load to 21.77 ppm at rated load, for
J20 CR20 EGR20%, it varies from 5.32 ppm at part load
to 32.34 ppm rated load, for P20 CR17.5 it varies from
12ppm at part load to 28.17 ppm at rated load, for P20
CR20 it varies from10.9 ppm at part load to 25.2 ppm at
rated load and forP20 CR20 E20% it varies from 14.16
ppm at part load to 36.7 ppm at rated load. It is also
observed from the figure that J20 CR20 has the lowest
HC emission compared to other test fuel blends. Further
it is perceived from the figure that, Increase in
percentage of biodiesel blends and compression ratio
decreases the HC emission due to complete
combustion and availability of O, in the biodiesel blends.
Meanwhile inverse trends were detected with EGR
system i.e. the HC emission increased with increase in
percentage of EGR.

iv. CO Emission

The variation of carbon monoxide (CO) for
diesel, J20 CR17.5, J20 CR20, J20 CR20 EGR20%, P20
CR17.5, P20 CR20 and P20 CR20 EGR20% with brake
power was shown in Fig. 9. CO emission varies from
0.06% at part load to 0.154% of full load for diesel, while
for biodiesel blends it varies from 0.07% at part load to
0.139% at full load condition for J20 CR17.5, for J20
CR20 it varies from 0.08% at part load to 0.121% at full
load, for J20 CR20 EGR20 it varies from 0.085% at part
load to 0.163% at full load, for P20 CR17.5 it varies from
0.05% at part load to 0.1% at full load, for P20 CR20 it
varies from 0.066% at part load to 0.147% at full load, for
P20 CR20 E20% it varies from 0.05% at part load to
0.124% at rated load. It is noted from the figure that,
biodiesel blends produces lower CO emission when
compared to diesel. It is concluded that increase in
biodiesel blends and compression ratio results in

reduction in CO emission. However, CO emission
increases with increase in the percentage of EGR. This
is due to the overall reduction of excess oxygen
resulting from EGR [26].

v. CO, Emission

The variation of carbon dioxide (CO,) for diesel,
J20 CR17.5, J20 CR20, J20 CR20 EGR20%, P20
CR17.5, P20 CR20 and P20 CR20 EGR20% with brake
power is shown in Fig. 10. CO, emission varies from 4%
at part load to 8.7% at rated load for diesel, as for
biodiesel blends 3.6% at part load to 8.1% at full load for
J20 CR17.5, 3.8% at part load to 8.7% at rated load for
J20 CR20, 4.2% at part load to 9% at full load for J20
CR20 EGR20%, 3.8% at part load to 8.6% at rated load
for P20 CR17.5, 3.7% at part load to 8.8% at rated load
for P20 CR20, 4.1% at part load to 9.2% at full load for
P20 CR20 E20%. The increasing of CO, emission with
load is might be due to the higher fuel consumption of
biodiesel blended and due to the excess presence of
oxygen in biodiesel molecular structure [27].

vi. Smoke Opacity

The variation of smoke opacity for diesel, J20
CR17.5, J20 CR20, J20 CR20 EGR20%, P20 CR17.5,
P20 CR20 and P20 CR20 EGR20% with brake power is
shown in Fig. 11. The smoke opacity varies from
0.35FSN at part load to 3.61FSN at rated load for diesel,
0.25FSN at part load to 2.24FSN at rated load for J20
CR17.5 and 0.39FSN at part load to 3.31FSN at rated
load J20 CR20, 0.4FSN at part load to 3.49FSN at rated
load for J20 CR20 EGR20%, 0.26FSN at part load to
2.8FSN at rated load for P20 CR17.5, 0.33FSN at part
load to 2.62FSn at rated load for P20 CR20, 0.32FSN at
part load to 4.24FSN at rated load for P20 CR20 E20%.
It is observed from the figure that, smoke opacity
decreases with increase of biodiesel in blends and
compression ratio due to availability of O, in fuel during
diffusion combustion phase [29]. Meanwhile smoke
opacity increases with increase in percentage of EGR
this is due to present of carbon content.

c) Performance

i. Brake Thermal Efficiency

Brake thermal efficiency is the efficiency of the
diesel engine in which chemical energy of the fuel is
extracted in the form of heat and utilized for mechanical
work. The variation of brake thermal efficiency for J20
CR17.5, J20 CR20, J20 CR20 EGR20%, P20 CR17.5,
P20 CR20, P20 CR20 EGR20% and diesel with brake
power is shown in Fig. 12. It can be seen that the brake
thermal efficiency increased with increase in engine
loads for all test fuels. It is observed from figure that the
thermal efficiency of diesel is 28.81% at rated power and
for J20CR17.5; P20CR17.5 is 27.9%, 27% respectively. It
shows that efficiency of J20, P20 blends is slightly less
compare with diesel this is due to lower calorific value.
Brake thermal efficiency for J20 CR20, P20 CR20 is
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31.7%, 30% due to the effect of increase in compression
ratio. For J20 CR20 EGR20%, P20 CR20 EGR20%, the
BTE is 30.89%, 29.37% which is reduced with the use of
EGR. This is because of reduced amount fresh oxygen
content present in the combustion chamber [29].

ii. Exhaust Gas Temperature

The variation of exhaust gas temperature for
J20 CR17.5, J20 CR20, J20 CR20 EGR20%, P20
CR17.5, P20 CR20 and P20 CR20 EGR20% and diesel
with brake power is shown in Fig. 13. The EGT varies
from 263°C at part load to 456°C at rated load condition
for diesel. 263°C at part load to 456°C at rated load
condition for J20 CR17.5, 270°C at part load to 464°C at
rated load condition and for J20 CR20, 244°C at part
load to 430°C at rated load condition. For J20 CR20
E20, 271°C at part load to 470°C at rated load condition
and for P20 CR17.5, 283°C at part load to 477°C at rated
load condition for P20 CR20 and 243°C at part load to
435°C at rated load condition for P20 CR20 E20
respectively. Exhaust gas temperature gets decreased
continuously as the percentage of exhaust gas
recirculated into the engine is increased. It can be
observed from the figure that exhaust gas temperature
gets reduced considerably with EGR; resulting in lower
combustion temperature and NO, emission.

VIL.

It is concluded from the results that,

» The effect of increase in compression ratio increase
the brake thermal efficiency, exhaust gas
temperature, NO, emission and reduces the smoke
opacity, CO emission and Unburned hydrocarbon
emission.

» NO, emission was higher for biodiesel and its
blends due to higher in-cylinder temperature and
availability of free oxygen in the fuel.

CONCLUSION

» Smoke emission decrease due to availability of O, in
fuel during diffusion combustion phase.

» Both HC and CO Emission decreases due to
complete combustion and availability of excess
oxygen in biodiesel blends.

» Effect of EGR, Decreases NO,, EGT, thermal
efficiency and increases Smoke, UBHC and CO.

» NO,, Brake thermal efficiency, EGT gets reduced
considerably by adopting EGR; meanwhile it slightly
increases the Smoke, HC and CO emissions

Thus the usage of EGR to the optimum
biodiesel blends reduces NO, emission and improves
combustion characteristics providing an energy based
fuel economy in diesel engines.

VIII. ABBREVIATION

J10, J20, J30 - Jatropha 10%, Jatropha 20%, Jatropha
30%

© 2014 Global Journals Inc. (US)

P10, P20, P30 - Pongamia 10%, Pongamia 20%,
Pongamia 30%,

J20 CR175 - Diesel
compression ratio 17.5:1

J20 CR20 - Diesel 80%-Jatropha 20% and compression
ratio 20:1

J20 CR20 EGR 20% - Diesel 80%-Jatropha 20% and
compression ratio 20:1, Exhaust gas recirculation 20%

80%-Jatropha 20% and

P20 CR17.5 - Diesel 80%-Pongamia 20% and
compression ratio 17.5:1
P20 CR20 - Diesel 80%-Pongamia 20% and

compression ratio 20:1

P20 CR20 EGR 20% - Diesel 80%-Pongamia 20% and
compression ratio 17.5:1, Exhaust gas recirculation 20%

EGT - Exhaust gas Temperature
FSN - Filter smoke number

BTE - Brake thermal efficiency
CMT - Cold metal transfer
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Table 1 : Properties of Diesel, JIME and PME blends

S.No Fuel blend Density Calorific Kinematic Flash Cetane

(kg/m?3) value (kJ/kg)  viscosity at 40°C point (°C)  number
(cSt)

1 Diesel 840 43000 3.90 50 48

2 JME 10 868 37956 5.17 162 52.70

3 JME 20 870 38450 5.43 169 53.01

4 JME 30 874 39423 5.62 171 53.4

5 PME 10 882 35412 5.21 160 46.17

6 PME 20 897 36010 5.64 163 46.48

7 PME 30 891 37675 5.97 166 46.80

IS for Biodiesel 860-900 - 2.5-6.0 120 min 46 min

(1S15607:2005)

Table 2 Technical specifications Diesel engine

Particulars

Specifications

Manufacture& model
Fuel injection type
Number of cylinder
Bore x stroke (mm)

Displacement volume (cc)

Compression ratio
Cooling system
Fuel Injection time

Injector opening pressure (bar)

Loading type
Rated speed (rpm)

Maximum power (kW)
Maximum torque (Nm)

Kirloskar-TAF1
Direct injection

1

87.5x 110

661.45

17.5:1

Air -cooled

23.4 degree bTDC
200

Eddy current dynamo meter
1500

4.4

28

Table 3 . Analysis of biodiesel test matrix for study on DI diesel engine

Variables

Fuels used Details of fuel studied

Maintaining constant speed and

varying loads 0%, 25%, 50%, 75% &

Full load.

Compression ratio 17.5, 19& 20
EGR- 10%, 20% &30%.
optimum values

Maintaining constant speed and

varying loads 0%, 25%, 50%, 75% &

Full load.
Compressionratio 20.
EGR-20%.

Diesel- Baseline fuel  Evaluation of combustion, emission

Jme-

Diesel blends and performance characteristics of

(10, 20 & 30% Jme)  the diesel engine with diesel and

PME-

Diesel blends biodiesel blends.

(10, 20 & 30% Pme)

Diesel-baseline fuel  study on combustion, emission and

Optimum JME20- performance characteristics of the
Diesel blend. diesel engine with optimum blends,
Optimum PME20- compression ratio and Exhaust gas
Diesel blend. recirculation
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Table 4 : Lists of instruments details

Instrument Measurement Range Accuracy Percentage of
uncertainties
AVL GH14D Pressure Transducer  Cylinder 0-110 bar 11 bar 0.20
pressure
AVL 365C angle encoder Crank angle -- 11 2
AVL3066A02 Piezo Charge Combustion 0-700 bar +0.01% 0.15
Amplifier pressure
AVL 415 Smoke meter Smoke opacity 0-10 FSN 0.1 0.9
MRU delta 1600L Exhaust Gas
Analyzer
NO 0-5000 ppm 50 ppm 1.74
UBHC 0-10000 10 ppm 0.31
ppm
co 0-15 %vol +0.06% 0.67
Co, 0-20 %vol +0.5% 0.4
K type Thermocouple EGT 0-1500°C +1°C 0.4
Burette Fuel 1-30cc 10.1cc 0.15
consumption
Load cell Load 250-600 W 1 W 0.21

Table 5 : Combustion parameters of Diesel, JME and PME fuels on diesel engine at full load condition

Fuel Start of  Start of Ignition Peak Peak heat release
injection combustion delay pressure rate (kJ/m>.deg)
(°) bTDC (°) bTDC (bar)

Diesel 23.4 9.22 14.18 75.729 69.65.326

J20 CR17.5 23.4 10.3 13.1 75.194 65.326

J20 CR20 23.4 10.78 12.62 77.987 62.481

J20 CR20 EGR20 23.4 12.16 11.24 76.501 64.427

P20 CR17.5 23.4 9.78 13.62 75.253 79.791

P20 CR20 23.4 10.48 12.92 75.201 76.478

P20 CR20 EGR20 234 11.89 11.59 74.511 70.079

Table 6 : Performance and emission output values at full load

Parameters Diesel J20 J20 J20 P20 P20 P20
CR17.5 CR20 CR20 CR17.5 CR20 CR20
EGR20 EGR20
NOy (ppm) 673 668 721 534 678 741 612
HC (ppm) 30 24.59 21.77 32.34 28.17 25.2 36.7
CO (%) 0.154 0.139 0.121 0.163 0.1 0.147 0.124
CO; (%) 8.7 8.7 8.7 9 8.6 8.8 9.2
Smoke (FSN) 3.61 2.24 3.31 3.496 2.8 2.62 4.24
EGT (°C) 456 451 464 430 470 477 435
BTE (%) 28.81 28.9 31.7 30.89 27 30 29.37
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Study of Combustion and Performance
Characteristics on a Single Cylinder DI Diesel
Engine with Jatropha and Pongamia Methyl
Ester Blends

M. Anandan®, S. Sampath ° & Natteri M. Sudharsan”

Absiract- Biodiesels are produced from various organic
materials such as plants, fossils and bio wastes etc. The
present work is a proposal for the study of combustion
characteristics in a single cylinder DI diesel engine with a
bio-fuel derived from Jatropha and Pongamia seed oil for
supporting industrial aspects in India. Tests were conducted to
study the engine characteristics such as heat release rate,
peak pressure, ignition delay and brake thermal efficiency
were studied for part load and rated load with different
compression ratios 17.5:1, 19:1 and 20:1. Experimental results
conclude that engine operating at a compression ratio 20:1 is
found to be more effective with Jatropha and Pongamia
blends. Combustion characteristics reveals maximum cylinder
pressure occurs at PME20% as an optimal blend ratio. Ignition
delay were reliable for shorter angle at 12.6° for PME20%
blend. Performance characteristics suggests that brake
thermal efficiency was increased for JIME30% blend ratio.

Keywords: compression ratio, biodiesel  blends,
combustion, ignition delay, brake thermal efficiency.

[. INTRODUCTION

upplement to the petroleum fuels becomes a
common practice and needful for reducing the

usage of fossil fuel resources. Enhancing the
production of vegetable oil supports the fuel demands.
Biodiesel is methyl or ethyl ester of fatty acid derived
from vegetable oils (both edible and non-edible) and
animal fat. The main resources for biodiesel production
can be non-edible oils obtained from plant species such
as Jatropha curcas, Pongamia pinnata, Calophyllum
inophyllum, hevea brasiliensis (Rubber) etc. Biodiesel
can be blended in any proportion with mineral diesel to
produce a biodiesel blend or can be used in its pure
form like petroleum diesel [1]. Biodiesel operates in
compression ignition (diesel) engine, and essentially
require very little or no engine modifications because
biodiesel has properties similar to neat diesel [2]. It can
be easily stored and transported because of its higher
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of biodiesel in
in substantial

flash point temperature [3]. The use
conventional diesel engines results
reduction in emission of unburned hydrocarbons,
carbon monoxide and particulate matters  [4].
Environmental factor is the major concern for an
alternate fuel. In India adoption of Euro V equivalent
emission norms are under consideration.
Implementation of emission norms will focus on to
reduce the sulphur content and increase the Cetane
number of the fuel [5]. Biodiesel derived from rice bran
oil, Mahua oil, Neem oil, Jatropha oil, Pongamia oil
etc.are suitable alternative fuels for DI diesel engine. The
performance of diesel engine depends on blends
percentage, Ignition timing and it reduced with
increasing the blends percentage beyond 50% [6], [7].
The performance and emission characteristics study
was carried out for non-edible vegetable oil such as
linseed ail, rice bran oil and its methyl ester. Operational
and durability problems were occurred because of high
viscosity, low volatility and poly unsaturated character to
overcome this vegetable oil methyl ester blends were
used instead of straight vegetable oil [8]. Higher
viscosity of vegetable oil affects the atomization results
in poor combustion and it is prevented by
transesterification process. 25 percentage of cotton
seed methyl ester blends performance almost same as
the neat diesel while used as a fuel in diesel engine [9].
Processed cooking oil was used as a biodiesel through
transesterification process. The effect of cooking oil
diesel blends like B20, B50, and B100 was compared
with neat diesel. 20% of blends produce the lowest
carbon monoxide emission than 50 percentage of
blends exclude at high engine speed [10]. Straight
vegetable oil (Jatropha) used in diesel engine reduce
the brake thermal efficiency and increase the smoke.
Use of vegetable oil blend with methanol increase the
brake thermal efficiency similarly smoke was
significantly reduced [11]. Ignition delay, peak pressure
and heat release rate were studied compression ignition
diesel engine was operated with duel fuel such as
karanja methyl ester and hydrogen fuel. Ignition delay
increased at full load and it decrease considerably with
lower loads. During the combustion process, karanja
methyl ester burns with hydrogen results it increase the
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heat release rate. Low viscosity of fuel with hydrogen
burns quickly and produces high pressure [12]. A cold
pressed cashew nut shell liquid blend with diesel was
used as an alternative fuel in internal combustion
engine. 20 percentages of CNSL blends produce closer
value of brake thermal efficiency as neat diesel. Cylinder
pressure and heat release rate gets reduced with
increasing the Cashew Shell Nut Liquid (CSNL)
proportions. Operating engine with 40 percentage of
CSNL blends engine knocking was observed [13].
Mahua oil and its blend were used as a fuel in direct
injection diesel engine and the performance, emission
and combustion characteristics was studied. Ignition
delay, cylinder pressure and heat release rate was taken
for combustion analysis. The output results for Mahua
blends almost comparable with diesel hence; it can be
used in diesel engine without any modifications [14].
The present work was approached to study the effect of
increase in compression ratio (CR) of a conventional
diesel engine operated with different percentage of
Jatropha methyl ester and Pongamia methyl ester
blends with neat diesel. Peak pressure, heat release rate
and ignition delay characteristics for different
compression ratio and different biodiesel blends were
studied. Also the effect CR with brake thermal efficiency
was studied for different percentage of biodiesel blends.

a) Esterification Process

Transesterification is a suitable method of
utilizing vegetable oils in Compression Ignition engine
without any long-term operational and durability
problems. Vegetable oils can play a vital role in power
generation for developing countries. Esterification is a
chemical treatment process performed for treating
vegetable oils [15]. Crude Jatropha and Pongamia seed
oil was used for Transesterification process to convert
crude oil into methyl ester oil. The Esterification process
parameters such as reaction condition, type of alcohal,
amount of catalysts, reaction time and temperature were
controlled by manual mode. Single stage base
catalyzed Transesterification was used for Jatropha and
Pongamia. Methanol used as a regeant; H2S04 and
KOH used as a catalyst for base reaction.

b) Biodiesel Properties

The fuel properties of Jatropha methyl ester
(JME) and Pongamia oil methyl esters (PME) blends
with diesel are shown in Table1.The biodiesel properties
such as density (kg/m3), calorific value (kJ/kg), viscosity
(cSt), flash  point (0C) was improved by
Transesterification process. The property of biodiesel
was tested as per I1IS15607:2005 standards. The methyl
esters of Jatropha and Pongamia oil properties relatively
closer with neat diesel. From the experimental results,
these bio fuels can be used to operate the existing
engine without any modifications. Compare with diesel,
Jatropha and Pongamia blends contain  oxygen
molecules in the fuel. Hence complete combustion of

© 2014 Global Journals Inc. (US)

fuel in the engine inhibits with the presence of oxygen
ions in the biodiesel. Flash point for biodiesel was high,
so it is safe to store compare with diesel. Small amount
of biodiesel (Jatropha and Pongamia) added with the
diesel increase the flash point of diesel blends.

[I. EXPERIMENTAL SETUP AND PROCEDURE

AVL software and data acquisition system was
used to analyze the combustion characteristics of an
engine as shown in Fig. 1. AVL 365C angle encoder was
used to measure the crank angle position. AVL GH14D
Pressure transducer was used to convert cylinder
pressure value into analog signal form to the data
acquisition system. Specification of the DI diesel engine
was shown in Table 2. Experimental investigations of
Jatropha methyl ester and Pongamia methyl ester were
carried out in a four stroke single cylinder air cooled
direct injection 4.4 kW at 1500 rpm diesel engine as a
bore of 87.5 mm and stroke length of 110 mm as shown
in Fig. 2 and Fig. 3. Engine test was performed with neat
diesel; biodiesel blends (10%, 20% and 30%) for
different compression ratios of 17.5:1, 19:1 and 20:1.
Electric Dynamometer consists of electrical power bank
it applies loads 0%, 25%, 50%, 75%, 100% on engine
and it is controlled with the aid current and voltage
values. The performance of biodiesel blends
experimental values are compared with neat diesel.

I11. ERROR ANALYSIS

Error analysis was performed to indentify the
accuracy of the measuring instruments. The percentage
of uncertainties of a measuring instruments as given in
Table. 3 Percentage of uncertainties present in
experiments is = square root of ((uncertainty of
pressure transducer)2 + (uncertainty of angle encoder)2
+ (uncertainty of K-type thermocouple)2 + (uncertainty
of stop watch)2 + (uncertainty of manometer )2 +
(uncertainty of burette)2)+ (uncertainty of load cell)2 =
square root of ((0.20)2 + (1)2 + (0.4)2 + (0.2)2 + (0.5)2
+ (0.15)2+ (0.21)2) = square root of (1.566)
= =1.25%.

IV. RESULTS AND DISCUSSION

a) Cylinder Pressure

i. Pongarnia Methy! Ester Blends

The variation of cylinder pressure with crank
angle for PME blends at different compression ratio as
shown in Fig. 4a-c. For compression ratio of 17.5, peak
pressure occurs at 67.49 bar at CA of 50 after TDC for
diesel and 67.9 bar at CA of 60after TDC for PME10%,
67.67 bar at CA of 60 after TDC for PME20%, 67.68 bar
at CA of 70 after TDC for PME30%. For 19 compression
ratio, peak pressure occurs at 75.72 bar at CA of 70
after TDC for diesel and 75.78 bar at CA of 60 after TDC,
75.25 bar at CA of 60 after TDC, 76.94 bar at CA of 70



after TDC for PME10%, PME20%, PME30% respectively.
For 20 compression ratio, peak pressure occurs at
75.61 bar at CA of 60 after TDC for diesel and 76.62 bar
at CA of 60 after TDC, 75.83 bar at CA of 70 after TDC,
75.63 bar at a CA of 70 after TDC for PME10%,
PME20%, PME30% correspondingly. It is observed from
the figure that biodiesel blends had a higher peak
pressure than diesel. The Combustion peak pressure
increased with increasing the compression ratio.

ii. Jatropha Methy! Easter Blends

The variation of cylinder pressure with crank
angle for JME blends at different compression ratio as
shown in Fig. 6a-c.For compression ratio of 17.5,
JME10%, JME20%, and JME30% combustion pressure
of 69.28 bars at CA 70 after TDC, 70.67 bar at CA of 70
after TDC, 69.42 bar at CA of 60 after TDC respectively.
For compression ratio of 19, JME10%, JME20%, J30%
combusts pressure of 77.12 bar at CA 60 after TDC,
79.19 bar at CA of 80 after TDC, 78.85 bar at CA of 60
after TDC respectively. For compression ratio of 20,
JME10%, JME20%, JME30% combustion pressure of
76.76 bar at CA 70 after TDC, 77.98 bar at CA of 60 after
TDC, 77.83 bar at CA of 50 after TDC respectively. The
peak pressure fordME20%, atCR of 20 was 3.57bar, for
PME30% at CR of 19 was 1.82bar higher than diesel.
The peak pressure takes place after TDC for safe and
efficient operation. If it occurs close to TDC or before
that causes severe engine knock thus affects engine
durability [16]. It is concluded from the results JME 20%
with Compression ratio of 20:1 achieves maximum peak
pressure of 3.46 bar higher than diesel and JME20%
blend was the optimum fuel blends as far as peak
cylinder pressure concerned.

b) Heat Release Rale

The variation of heat release rate with crank
angle for PME and JME blends at different compression
ratio as shown in Fig. 5a-c and Fig. 7a-c. Heat release
rate indicates that ignition delay for biodiesel blends was
shorter compared with neat diesel. Neat diesel
produces maximum heat release of 91.93 kJ/m3deg for
CR of 17.5, 87.72 kJ/m3deg for CR of 19, and 79.85
kd/m3deg for CR 20 respectively. It is observed from
figure that maximum heat release rate of biodiesel
blends are lower than diesel because of their shorter
ignition delay compared with diesel. It is also observed
from the obtained values that, JME 20% blend produces
minimum heat release rate of 62.53 kJ/m3deg at
compression ratio of 20:1 among the biodiesel blends
tested.

c) lgnition Delay

The variation of ignition delay fordiesel,
biodiesel blends at different compression ratio as shown
in Fig.8. Ignition delay is one of the important
parameters in determining the knocking characteristics
of diesel engines. It is a period between start of injection

and start of combustion and it depends upon many
factors such as compression ratio, the inlet pressure,
injection parameters and the properties of the operating
fuel. Higher the cetane number (CN), the shorter is the
ignition delay, and vice versa [17]. Table. 4 show the
ignition delay for biodiesel blends for different
compression ratio.lt is observed from figure that the
ignition delay of methyl esters and its blends is
significantly lower than that of diesel and decreases with
increase in the percentage of methyl ester in the blend
and compression ratio. As the temperature of air in the
cylinder is fairly high at the time of injection, esters
undergo chemical reactions and polymerization, which
result in injection characteristics that are different from
those of diesel. A decrease in ignition delay results in
smaller amount of fuel accumulation to ignition which
results in lower heat release rate during premixed
combustion phase.

V. EFFECT OF BIODIESEL BLENDS ON
BRAKE THERMAL EFFICIENCY

The variation of the brake thermal efficiency with
compression ratio for diesel, biodiesel blends at full load
were shown in Fig. 9. Brake thermal efficiency (BTE)
mainly depends on the operating fuel properties such as
density and viscosity. In general, BTE was lower for
methyl ester derived biodiesels compared to diesel. To
achieve better brake thermal efficiency of biodiesel
blends, compression ratio of diesel engine was
increased. At full load conditions BTE of diesel, PME10,
PME20, PME30, JME10, JME20, JME30 are 28.1%,
26%, 27%, 30%, 30.3%, 33.5%, 35.6% respectively. It is
observed from the figure that BTE gets increased
proportionally with engine loads. JME30% blend
produces 7.5% higher brake thermal efficiency than
diesel. Increase in compression ratio of engine enhance
the complete combustion of fuel in the combustion
chamber with the presence of oxygen and hence better
thermal efficiency.

V1. CONCLUSION

The experiments reveals that biodiesel from
unrefined Jatropha and Pongamia seed oil is quite
suitable as an alternative to diesel. Following results
were obtained from the bio fuel operated single cylinder
diesel engine operation.

» The ignition delay was shorter for PME blends (10%,
20%, and 30%) varying between 12.6 to 14.2 CA for
different compression ratios 17.5:1, 19:1, 20:1
compared with diesel.

» The ignition delay was shorter for JME blends (10%,
20%, and 30%) varying between 12.9 to 14.28 CA
for different compression ratios 17.5:1, 19:1,
20:1compared with diesel.
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» |t is concluded that biodiesel (JME and PME)
blendsreleases maximum peak pressure compared
with diesel and peak pressure increases while
increasing the compression ratio.

» ltis also concluded that Heat release rate is less for
biodiesel fuel blends compared with diesel fuel.
Among the tested blends JME 20% blend produce
minimum heat release rate of 62.48 kJ/m3deg at
20:1 compression ratio.

» Brake thermal efficiency increases with increase in
compression ratio for biodiesel blends.
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Figure 1 : AVL Data acquisition system
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Figure 2 : Layout of diesel engine setup
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Figure 4a. Crank angle vs. cylinder pressure for compression ratio of 17.5




Cylinder Pressure (bar)

80

70

60

50

40

30

4 ——20%PME

—o— Diesel

—— 10%PME

——30%PME

10 -5 0 5 10 15 20
Crank angle (degree)

Figure 4b  Crank angle vs. cylinder pressure for compression ratio of 19
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Figure 5a : Crank angle vs. heat release rate for compression ratio of 17.5
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Table 7. Diesel and biodiesel blends
Fuel blend Density Calorific Kinematic viscosity Flash Cetane
(kg/m?)  value (k)/kg) at 40°C (cSt) point (°C)  number

DIESEL 840 43000 3.90 50 48
PME10 868 37956 5.17 162 52.70
PME20 870 38450 5.43 169 53.01
PME30 874 39423 5.62 171 53.4
JME10 882 35412 5.21 160 46.17
JME20 897 36010 5.64 163 46.48
JME30 891 37675 5.97 166 46.80
IS for biodiesel 860-900 - 2.5-6.0 120 min 46 min

(1S15607:2005)

7able 2. Diesel engine Specifications Particulars

Particulars Specifications
Engine model Kirloskar TAF-1
Fuel injection type Direct injection
No of cylinder 1

Bore & Stroke 87.5mm & 110mm
Compression ratio 17.5:1

Cooling system Air —cooled
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Fuel injection time 23.4 degree bTDC

Injection pressure 200 bar

Loading type Eddy current dynamometer
Maximum power 4.4 kW@1500rpm
Maximum torque 28 N-m@1500rpm

IVO 4.5 degree bTDC

IVC 35.5 degree aBDC

EVO 35.5 degree bBDC

EVC 4.5 degree aTDC

Table 3 . Instruments used for engine test

Instrument Measurement Range Accuracy Percentage of
uncertainties

AVL GH14D Pressure Transducer  Cylinder 0-110 bar +1 bar 0.20
pressure

AVL 365C angle encoder Crank angle -- +1 1

K type Thermocouple EGT 0-1500°C +1°C 0.4

Burette Fuel 1-30 cc 10.1cc 0.15
consumption

U-tube Manometer Inlet flow rate - 1 mm 0.5

Stopwatch Time - 10.2sec 0.2

Load cell Load 250-600W 1 W 0.21

Table 4 :Ignition delay, Peak pressure, heat release rate for diesel and biodiesel blends

Fuel Start of combustion Ignition delay Peak pressure (bar) Heat release rate

(°) bTDC (kJ/m>deg)

175 19 20 175 19 20 17.5 19 20 17.5 19 20

Diesel 8.5 9.3 10 149 141 134 67.49 75.12 75.61 9193 87.72 79.85

PME 10 9.2 9.9 10.5 14.2 13.5 129 67.88 7568 76.62 79.17 67.12 78.79

PME20 9.22 9.8 10.8 1418 13.6 12.6 67.67 75.25 7533 7458 62.83 76.47

PME 30 9.9 104 95 13.5 13.0 139 67.67 7694 7561 8992 76.07 70.07

JME 10 9.12 10.1 10 1428 133 134 69.28 77.12 76.76 83.50 79.11 65.32

JME 20 9.52 10.3 10.5 13.88 13.1 129 70.67 77.98 79.18 63.10 63.53 62.48

JME 30 9.16 9.8 10.5 1424 136 129 6942 7885 77.83 71.47 84.61 64.42
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Analysis of an NACA 4311 Airfoil for Flying Bike

Amit Singh Dhakad “, Pramod Singh ® & Arun Singh”

Abstract- The development of the wing has been always such
that it should be able to produce the maximum lift due to the
high pressure on the bottom surface and low pressure on the
top surface of an airfoil. And these concepts clears that the
flow of air/velocity of air will be low on the lower surface and
higher on the upper surface of an airfoil. So, due to these
differences in pressures and velocity the aerial can produce
lift. Here to let fly the Bike in the air the Flat bottomed Airfoil
has been chosen and usually the flat bottomed airfoil is called
as the Clark Y and this has the feature as Maximum thickness
of 11.7% at 28% chord and maximum camber of 3.4% at 42%
chord.

Keywords: NACA 4311 airfoil, flat bottormed airfoll,
Javaroil, clark Y.

[. INTRODUCTION

he wing considered is the flat Bottom (NACA 4311)
which is a Clark Y type usually called just because
it comes under the Flat bottomed surface airfoil
and has the features of maximum thickness (t/c):
11.63% @ 30.81%and maximum camber of 3.54% @
34.52% (when plotted for 81 points) And as in order to
provide the maximum lift with minimum drag we will
analyze the various kinds of airfoil using the airfoil
analysis software called JAVAFOIL. And the main
purpose of JAVAFOIL is to determine the lift, drag and
the moment characteristics of airfoils. For this reason it
uses a potential flow analysis module which is based on
the higher order panel method (linear varying vorticity
distribution), Since the drag force is referred as the
energy loss property, so to minimize it, we will choose
various airfoils to compare the best one. So, with the
help of JAVAFOIL we will look over the various
properties and characteristics of an airfoil.

a) Reason for the choosing of Clark Y type Airfoil is as
follows:

i. Characteristics of Clark Y:

e ClarkY has a flat bottomed profile of an airfoil and is
usually safe for gliding with lower pitch in the air.
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Fig 7 (Clark YH wingroot of a Yak-18T)

b) Applications
Some representative aircraft that used the Clark

Y and Yh are listed below:
Clark Y Clark YH
o Ace Baby Ace e Currie Wot
e Aeronca 50 Chief e Hawker Hurricane
o AviaB.122 e llyushin Il-2
e Curtiss P-6 Hawk e Mikoyan-Gurevich
o Fleet Fawn MiG-3
e Heath Parasol o Miles Magister
e Lockheed Vega e Nanchang CJ-6
e long Henderson e Polikarpov I-153
Longster e Stolp SA-900 V-
e Monocoupe 90 Star
e Polikarpov R-5 e Yakovlev Yak-18T
e Spirit of St. Louis
e Stinson Reliant
o Waco UPF-7

Here with the help of an Airfoil tool generator we
can construct any profile of required data and can be
experimented for results. The five Flat bottom airfoil
(NACA-4311, 3310, 3310 with P= 38.6%), 2306, 2206
and Symmetrical airfoil NACA 2412 are generated
through this software (Airfoil tool generator) Source:
http://www.airfoiltools.com/airfoil/naca4digit

[I. METHODOLOGY

a) Considering the type of airfoil for analysis on

e NACA 4311 (Flat Bottomed Airfoil)

¢ NACA 3310 with thickness: 38.6%, (Flat Bottomed
Airfoil)

e NACA 3310 with thickness: 31.8%, (Flat Bottomed
Airfoil)

o NACA 2306, (Flat Bottomed Airfoil)

e NACA 2206, (Flat Bottomed Airfoil)

o NACA 2412, (symmetrical Airfoil)
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On analyzing the above airfail (a-f) in JAVAFOIL, we have the result as

Table 1
Sl.no Airfoil Coefficient Coefficient Coefficient
Of Lift Of drag Of moment
1. NACA 4311 0.48101 0.01089 -0.09216
2. NACA 3310 (p=38. 6%) 0.41505 0.00978 -0.08836
3. NACA 3310 (p=31. 8%) 0.39486 0.01063 -0.07784
4. NACA 2306 0.22477 0.00958 -0.04518
5. NACA 2206 0.21175 0.00955 -0.03669
6. NACA 2412 0.25889 0.01032 -0.05525
WHILE FOR CLARKY (from JAVAFOIL) we have the result as:
Table 2 : (Javafoil analysis)
Sl.no Airfoil Coefficient Coefficient of drag Coeff
Of Lift Of moment
1. Clark Y 0.44560 0.01231 -0.09714
(NACA 3411)

Table 3 (Result from Gedser Simulation), A textbook on the thesis in Aeronautical Engineering

Thus, on comparing the above table 1, 2 and 3,
we have the best result from NACA 4311 due to the
modification of Clark Y type airfoil for maximum lift and
minimum drag.

b) Analysis of NACA 4311

Therefore, to analyze the airfoil for its
characteristics and performance, a JAVAFOIL
has been used which is an Aerodynamic software
Source:  (http://www.airfoiltools.com/airfoil/naca4digit)
for the illustration of various aerodynamic properties.

c) Geometry

This is the first step in JAVAFOIL to obtain the
required shape of an airfoil by giving the details of airfoil
or by giving the coordinates and the airfoil will be
developed selecting the create airfoil option.

© 2014 Global Journals Inc. (US)

Airfoil Operational | Noroughness | Roughness | Difference | TSR - Wind speed m/s
Operational | 200 kW 4.4 0.32 8.5

NACA 4312 235 kW 210 kW 15%,5% | 44,44 | 036,034 | 85,85
CLARKY 218 kW 202 kW 9%, 1% 44,44 1 033,033 | 85,85
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Fig 2 : Geometry card: (here we observe the required airfoil in 2d view in a scale of 1/1)
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Modification

Geometry I Modifyl Design I “Yelocity | Floyfield | Boundary Layer I Polar I Aircraft Options

Moclity Airfail
Maime: NACA 4311 Trailing Edge Gap ’07 B Element
Number of Poirts, | |81 8] Pivot x- ’257 %]
Thickness tic: 11.626 %] Pivat y: ’07 3]
Camber fic: 3.535 %] Rotate: ’07 o

Seale by: 100 [%] Transkation x: ’07 %]

Flap Chord xfic: |25 [%%] Translation y: ’07 [%]
Flap Deflection & | |0 ] Duplicate Delete Flipp v Smaoth y ,D1—

to=1163 % @30581 %

fle = 3.654 % @ 3452 %

0

(1)

@

Thickness and Camber work in y-direction onhy.:

| - empty - - Copry (Text) |

Fig 3 (Here in the second part of the analysis we have the modified 2D Dimensional view of the Clark Y Airfoil in a
scale of 100mm with the trailing edge gap as zero in order to get the smooth aerodynamic nature and named as
NACA 4311. This card can be used to perform various modifications to the airfoil geometry. Where we can see the
center red line which is called camber line, while the upper and lower dotted line are upper and lower surfaces.
Also upper and lower surface forms maximum thickness, which is given as t/c = 11.63 % @ 30.81 % and the
maximum camber of f/c =3. 54 is located at 34.52 % of the chord length. While the points at trailing
edge are intersecting with the ground)

So, after modification we get properties of aifoil on modified screen are
e Smoothy Y = 0.1, which describes that the airfoil has a smooth spline curve.

o (Pivot x=25%) horizontally at red point describes that the angle of attack of the airfoil is always change by
rotating the section around the pivot point specified on the Modify card.

© 2014 Global Journals Inc. (US)



d) Design

Geometry Moty Design “Yelocity Flowfield Boundary Layer Polar Ajrcraft Options

Design Airfoil
Name: |NAC-‘\ 4311 [v smooth Target Cp y(x)or yis) | 4 m 3
MNumber of Steps: |5 H Angle of Attack: o.000 1 LE Enlargement
Relax by: |1 0.000 [%&]) single side Cp-modification -

-1.0

Cp =—a Target
— Cumert: Cl=0.42101, Cd = 0.01086, Cm 0.25 = -0.09216

0.5

o.o

0.4

10 + ' ; ; xic

oo 0z 04 0.6 0.8 10

Thickness and Camber work in y-direction only.

Setup | Design i | Redraw: | Undo | Details... |

Fig 4 (Here we can see the 2D Dimensional design of the NACA 4311 Airfoil, and it is delivering a lift of (Coefficient
of lift) = 0.48101 and Coefficient of drag as 0.01086 at an angle of attack = 0°, while the graph shows the coefficient
of pressure along the length of the chord(c))

e Here from the above (figure 4) we see that a graph is plotted for the airfoil and the upper surface is having the
coordinates in negative mostly just because airfoil is experiencing a negative pressure and the lower surface is
having a positive coordinates mostly just because it is experiencing a positive pressure which is responsible for
the lift of an airfoil.

While, - = —- ratio gives Glide Ratio of the flight
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e) \Velocity

After design first it will calculate the distribution of the velocity on the surface of airfoil which can be

integrated to get the lift and the moment coefficient. Number for different angle of attack.

Geometry Modify Cesign Velocity | Flownefield Eoundary Layer Polar Ajrcraft Options
“elocity Distribution
first Angle of Aftack: o : 14 Cl Cd Cm 0.25 Cp* M cr. -
last Angle of Attack: 10 - 1 [-1 [-1 [-1 [-1 [-1 E
oo 0.479 0.01 056 -0.052 -0.856 0702
FrIsTiEEErE (R 10 0595 | 001397 | 0084 | 0867 | 0E6a0
20 0.714 0.01470 -0.055 -1 056 0659 -
Velocity Distributions — 0.oo°
B 1.00°
e—a 700"
+—+ 3,007
= 4.00°
= .00
ot GO0
4—i 7,000
= 8.00°
S—>0.00°
— 10.00®
el
04 05 08 10
v add to plote The velocity diztribution can be helpful to smeoth an airfoil.
Show distributions of  * Velocity Ratio w' { Pressure Coefficient Cp ¢ Mach
Analyze ! | Prirt... | Save... | Copy [Text) |

Fig. 5 - (Velocity distribution past a NACA 4311 at an angle of attack of 10°. The results are for free flow.)

Therefore, the analysis on the velocity provides
the information about the behavior of the airfoil which
varies with the angle of attack. Hence from the above
figure of Velocity distributions we can see that how it has
behaved along the length of an airfoil for different
angles, Also we can see the coefficient of lift (C;)and
Coefficient of drag (C;) along with the pitching
moment (C,, ), coefficient of pressure (C,) and Mach
number (M,,.).

So, here we get the velocity distribution over
airfoil (NACA 4311) for 10° of angle of attack in 10 steps
which is shown by the ten upper line and ten lower line
indicated on the right hand side top corner of the figure
5While the (0-0) is the velocity distribution on the
surface, where we can see that the velocity distribution
is low at the stagnation point as it had dropped
downwards due to the high pressure and again the
velocity is much high in the upper surface than lower
surface and it has again dropped down in the trailing
edge without overlapping of upper and lower velocity

© 2014 Global Journals Inc. (US)

distribution profile and also it suggest that it is a laminar
flow since no overlapping of profile is noticed. And the
coefficient of lift (C;) and drag ( C; ), pitching
moment(C,,), and critical coefficient of pressure (C,) are
increasing for every 10° angle of attack. Rather the
Mach number(M,, ) is decreasing for every 10° angle of
attack.

While, My 5 (Nm) is the pitching moment at 25%
chord point.
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Fig 6 : (Velocity distribution for 10° angle of attack with different characteristics of (C;), (Cy), (C,,) and Mach number
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Fig 7 : (Velocity distribution profile with the pressure coefficient)

Therefore from the figure 7, we can see the
pressure coefficient in a thin red lines for ten different
angle of contact. And the Critical mach number for Q° is
0.702 and for the 10° the mach number 0.400. Hence
the mach no is less than 0.8 so it concludes that the
flight is subsonic. While the pressure are low in the
upper surface of airfoil and high on the lower surface
which creates the lift.

7 Mach Number

Mach number (M or Ma) is the ratio of speed of
an object moving through a fluid and the local speed of
sound.

Vob ject
M = 2Bt
Vsound

Where, vis the velocity of the source relative to
the medium and v, iS the speed of sound in the
medium.

Table 4 . (General Plane Characteristic)

Regime: |Mach| Mph |km/h| m/s

Subsonic| <0.8 | <610|{<980|<270

Most often propeller-driven and commercial turbofan aircraft with high
aspect-ratio (slender) wings, and rounded features like the nose and

General plane characteristics

leading edges.
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Fig. 8 :Mach number in transonic airflow around an airfoil; M < 1 (a) and M > 1 (b)

g) Thus from Figure 5, 6 & 7

e One can compare the velocity distribution for any
angle of attack without and with ground in effect.

h)  Flowfeild

Here in (Figure 9) the flow can be seen around
the airfoil considering the angle of attack as 10° and with
the boundary layer around an airfoil, it also incudes the
friction to show the boundary layer to result the exact
behaviour of an airfoil as in practical. Where the
rectangular grid is showing the local velocity points. And
these calculation uses the vorticity distribution on the
surface and neglects friction which leads to no
seperation flow or a wake behind the airfoil. And the
streamlines are calculated from the software with the
help of Runge Kutta method and Streamlines around the
submersed airfoil can be seen through the blue
continuity lines, while the black tuffs are the black
discontinued dashes.
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ANALYSIS OF AN NACA 4311 AIRFOIL FOR FLYING BIKE

Geometry I Moclify I Design I Welocity I Flowﬁeldl EBoundary Layer | Polar I Ajrcraft Options

Flawy Fieldd

Angle of Attack: |1 o = o Re Mach A Cl Cd Cm 0.25
Steps in x-Direction: IBU Field size: 50% - | 5| 5| 6] 6] Ll Ll

10.000 | 100000 | 0.000 = 1.483 | 003540 | -0.093
Steps in y-Direction: |3EI Color Map Type: T -

¥ black Tufts |+ colored Field | Iso CpLines | CpVectors ¥ Streamiines | timed | increased Accuracy

Show distributions of ~  Velocity Ratio vV " Pressure Coefficient Cp

Analyze Print... Save. .. Copry (Text) Irtegrate

Fig. 9 : Streamlines around the submersed hydrofoil (note that image is clipped at y=0) but the generated surface
wave are extending above this border
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ANALYSIS OF AN NACA 4311 AIRFOIL FOR FLYING BIKE

Leading edge stagnation point

\\

g

D

~

W

Fig. 10 : (stagnation points)
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ANALYSIS OF AN NACA 4311 AIRFOIL FOR FLYING BIKE

/) Stagnation Point
A stagnation pointis a point in a flow field where the local velocity of the fluid is zero.

GEometey I Modify I Design I “elocity I Fluwﬁeldl Boundaty Layer | Polar | Aircraft | Options

Flawe Field

Angle of Attack: |1 0 = « Re Mach A Cl Cd Cm 0.25

Steps in x-Direction: |au Field size: 50% - Il Ll Il L I L Ll
10.000 | 100000 | 0.000 £ 1.4583 |0.03540 | -0.093

Steps in y-Direction: I'.’-D Color Map Type: 7 -

¥ black Tufts ¥ colored Field ¥ Iso Cp Lines | Cp Vectors [v Streamlines v timed v increased Accuracy

Show distributions of % Velocity Ratio vV 0.745 i Pressure Coefficient Cp

Analyze ! Prirt... Save.. Copy [Text) Irtegrate

Fig. 17 (The velocity ratio is zero at the Red location for which the v/V is given as 0.0 at the stagnation point)

/) Pressure Distribution

It has been determined that as air flows along
the surface of a wing at different angles of attack there
are regions along the surface where the pressure is
negative, or less than atmospheric, and regions where
the pressure is positive, or greater than atmospheric.
This negative pressure on the upper surface creates a
relatively larger force on the wing than is caused by the
positive pressure resulting from the air striking the lower
wing surface.
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ANALYSIS OF AN NACA 4311 AIRFOIL FOR FLYING BIKE

OF ATTACK
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[

Figure 12 : Pressure distribution on an airfoil

Geometry I hodify | Design | Welocity I Flowﬁeldl Eoundary Layer | Polar I Ajrcraft Options I

Flow Field

Angle of Attack: |1 1] = o Re Mach n Cl Cd Cm 0.25
Steps in x-Direction: IED Field size: S0% - 1 Ll ] ] Ll ] ]

10.000 | 100000 0000 ] 1.4583 0.03540 | -0.093
Steps in y-Direction: IBD Color Map Type: r -

= = — Flow Field

|7 black Tufts |7 colored Field |7 Iso Cp Lines |7 Cp Vectors |7 Streamlines |7 timed F increased Accuracy

Show distributions of Velocity Ratio vy 0.200 {+ Pressure Coefficient Cp

Print... Save..

Analyze i Copy (Text) Integrate

Fig. 13 : (Pressure distribution around airfoil)
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While the pressure distribution is described in
terms of Pressure coefficient and from the figure we can
see the positive pressure and negative pressure along
the length of an airfoil. Because the velocity of the flow
over the top of the airfoil is greater than the free-stream
velocity, the pressure over the top is negative.

Therefore here (from figure 13), we have the
centre of pressure at the yellow point/region and we can
read the pressure as Coefficient of pressure as (-2.0),
similarly we can read the positive pressure which is
responsible for the lift of an airfoil as Cp= 1.0 indicated

in blue color while the negative pressure can be read
which is around the upper surface of an airfoil.

k) Bounaary Layer

The boundary layer analysis describes the
behaviour of an airfoil around it with the flow of air. The
boundary layer module works best in the Reynolds
number regime between 500'000 and 20'000'000. During
the way towards the trailing edge, the method checks,
whether transition from laminar to turbulent or separation
occurs.

Geametry tlodify Design Yelocity Flowetield Boundary Layer | Palar Aircraft Options
Boundary Layer Details
Re: 100000 BoTu o pg
Angle of Attack: 0 M TL |'I 0o [%&] o Re Mach n Cl Cd Cm 0.25
Surface Finish: smooth finish - 1 [-1 [-1 [-1 [-1 [-1 [-1
0000 | 100000 | 0.000 L 0479 |0.01086 | -0.052

Thickness Plot | Shape Plot Cf Plot 100000

0.0z0

0.015

o.o1o

0.005

0.000 FREE

E—8§y, Re = 100000
5ob,
+—+ By

oo

[+ Add to plots

Analyze [t

Copry ([Text)

A maximum of 10 Reynolds numbers is stored in the tables.

Save.. Print...

Fig. 14 : Analyzed boundary layer of NACA 4311

Therefore (from figure 14), we see that for §;, 8,
and &85 the blue line is indicating transition of flow from
laminar to turbulent on the upper layer of the airfoil
surface (TU) and transition of flow from laminar to
turbulent on the lower layer of the airfoil surface (TL)
while (SL) is indicating the turbulent separation of the
flow near the end of the trailing edge.

2014 Global Journals Inc. (US)

Where,

. 81 (m) is the displacement thickness of boundary
layer is the distance by which a surface would
have to be moved in the direction perpendicular to
its normal vector away from the reference plane in
an inviscid fluid stream of velocity 1y to give the



same flow rate as occurs between the surface and A*
the reference plane in a real fluid. H=—

*

8z (M) is momentum thickness of boundary layer 0 Note 07 = 6,/85and 6 = ¢,

is the distance by which a surface would have to be Where, H is the shape factor, A% is the
moved parallel to itself towards the reference plane displacement thickness and 6 is the momentum
in an inviscid fluid stream of velocity g to give the  thickness. The higher the value of H, the stronger the
same total momentum as exists between the aqverse pressure gradient. A high adverse pressure
surface and the reference plane in a real fluid. gradient can greatly reduce the Reynolds number at

g (m) is energy thickness of boundary layer which transition into turbulence may occur.

T s transition laminar-turbulent e Hiz= & /8 is the shape factor of boundary
S s turbulent separation layer and Haz= &3/82 5 the shape factor of

U is upper surface boundary layer, Cy is the local skin friction

i fficient.
L is Lower surface coefficient

A shape factoris used in boundary layer flow to
determine the nature of the flow.

Geametry hodify Design “elacity Flovwefield Boundary Layer Polar Aircraft Options

Boundary Layer Details

Re: 100000 ST TR (TR
Angle of Attack: 0 1 TL: |1EIEI [%] i3 Re Mach n Cl cd Cm 0.25
Surface Finish: smooth finih - [l Ll L] Ll Ll Ll L]
0.000 | 100000 | 0.000 = 0479 | 001086 | -0.082
Thickness Plat Shape Plot | CtRict | 100000
<000

& Hyg. Re = 100000

=3 H
TL. =

24500

2.000

2.500

2.000

1.500

1.000

0.500

0.000 X

oo 0.z 0.4 0.6 IR 10

v Add to plots A maximum of 10 Reynelds numbers is stered in the tables.

Analyze ft! Copy [ Text) Save.. Print...

Fig. 15 Flow state graph on airfoil NACA 4311
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Pressure gradient is high (red line at point
Hy, > 3.5 for the Reynolds no. Here (from figure 18) it
can be observed that for the maximum thickness of the
airfoil, number (Re) =100000. Also we can see the for
the Hs,

Where,

Hs, 151500 Will have the laminar flow and Hq, <
1.46 will have the turbulent flow, which can be observed
from the figure 18, at TU,TL and SU,SL. The blue line is
indicating transition of flow from laminar to turbulent on
the upper layer of the airfoil surface (TU) and transition
of flow from laminar to turbulent on the lower layer of the
airfoil surface (TL) while (SL) and (SU) is indicating the
turbulent seperation of the flow near the end of the

trailing edge in the lower and upper surface of NACA
4311 in the both cases of H;, and H;,.

Table 5 . Shape factor boundary layer condition

Flow State Separation assumed when
Laminar H,, < 1.51509
Turbulent Hiy <146

Also shape factor displacement thickness/
momentum thickness has the relation as

Geametry hodify Design “elacity Flovwefield Boundary Layer | Palar Ajrcraft Options
EBoundary Layer Detailz
Re: [ooooo @ Tu: fi0 W
Angle of Attack: 0 1 TL: |1 oo [%%] i3 Re Mach n Cl cd Cm 0.25
Surface Finish: smooth finish - L] L] L] L] L] Ll Ll
0000 | 100000 0.0o0 ] 0479 (001086 | -0082

Thickneszz Plot Shape Plot Cf Plot | 100000

0.050

0045

0.040

0035

0030

0.025

0.0z0

D015

o.oio

0.005

0000

B8 Ly, Re = 100000

oo

v Add to plots
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A maximum of 10 Reynolds numbers is stored in the tables.

Analyze it | Copy (Text) | Save.. | Pririt... |

Fig. 16 (local skin friction coefficient)
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Boundary Layer Details
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v Add to plote A maximum of 10 Reynolds numbers is stored in the tables.
Analyze k1 Copy (Text) Save... Prirt...

Fig. 77 (different value of calculated properties for the boundary layer)
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Fig. 18 . (Lift versus drag coefficient polars for a NACA 4311 airfoil and wings of different aspect ratio)
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The graph above shows the effect of lift over
drag coefficient. Starting with infinite aspect ratio (aspect
ratio = 0 on the Options card). It can be clearly seen,
that for five Reynolds number (Re) the lift is increasing
for larger value of (Re). As the lift will be maximum if the
flow of air around the airfoil will be maximum.

/) Polars for Constant Wing Loading

The lift coefficient of any body depends on the
speed because the wing loading is usually fixed during
flight — flying at low lift coefficients results in high speeds

(and high Reynolds numbers) and vice versa. Therefore
the operating points during flight would slice through a
set of polars having constant Reynolds numbers. It is
possible to create polars more closely related to the
conditions during flight. This would require adjusting the
wind speed to each lift coefficient, which is cumbersome
and expensive in a wind tunnel, but feasible in a
numerical tool like J AVAFOIL. And here we use the
Aircraft card to calculate polars for a given wing loading.

Geathetry Moty Design Welocity Fleray fieded Eoundary Layer Paolar Aircraft Options
Ajrfail Polars
firet Reynolde Number: 100000 1 T.U.: 100 [%%] first Angle of Attack: 0 1
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L0 ©
1.0 op 0.0
5
¥ Add to plots Stall model: Calcfoil - Transition model:  Eppler standard -
Analyze it Copy (Text) Save... Prirt ...

Fig. 19 . (polar condition of flight for differnt Reynolds number (Re))

m) Aircraft

The Polars card analyzes the airfoil for constant
Reynolds numbers. For an aircraft in flight the lift
coefficient depends on the flight speed and hence on
the Reynolds number.
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L0 @
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n_:
4 n 3
[V Add to plots Stall model.  Calcfoil - Transition model:  Eppler standard -
Analyze (! Copy (Text) Save... Print...

Notes

Fig. 20 . (Wing loading condition for maximum weight and result for different angle of attack)

e To check the airfoil for different angles of attack, one
can analyze complete polar for different angles of
attack and Reynolds numbers. The angle of attack
is changed by rotating the airfoil around the point
(0.25/0), which will change the height of the airfoils
25% chord point above ground somewhat.

n) Option

The aspect ratio is used for an approximate
correction of the results on the Polar and Aircraft cards
for a finite wing.

S o
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Geometry Modify Design “elocity Flowfield
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Fig. 21 : (Setup values for the analysis of Airfoil data)

[1I.  CONCLUSION

From the analysis program in Java Foil for an 1.
NACA 4311 it is observed that on the final loading of
both front and rear wings, the result is positive and there
is no drop in coefficient of lift for angle of attack
considered (x=10° with the consideration of ground 2.
effect with a air density of 1.2210 kg/m® and kinematic
viscosity (v) of which results for the unbounded flow for
the swipe angle of 0.0 because the wing considered is
uniform in cross section (rectangular) behaving under 3.
speed of sound (a=340.29 m/s) as it result the mach
number.
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Abstract-In order to face the grand challenge of characterizing
soft and light armour material system shaving polymers and
shear thickening fluids under impacts at high strain rates lead
to design and development of this particular SHPB set up. The
developed set up is designed for a maximum firing pressure of
300 bar of nitrogen gas and it comprises automated gas filling
and firing, striker bar velocity recording and data acquisition
system. Pressure bars are made of titanium alloy due to its
high yield strength and reasonably lower density which could
protect plastic deformation, wave dispersion and reduces
impedance mismatch with the intended soft specimens, unlike
maraging steel bars. The maximum stresses on the critical
parts of the setup are crosschecked with simulation results
and compared with corresponding yield strengths. Velocity-
pressure calibration of the developed setup shows higher
velocities can be achieved at any particular pressure, when it
is compared with the existing public domain velocity
calibration of SHPB setup.
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e Hydraulic momentum arrest is provided to avoid
repeated loading of specimens.
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eliminate noise signals.
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. INTRODUCTION

n increasing demand of high strength, lightweight
and soft armour material systems, especially for

military  applications, resulted in interesting
research challenge to characterize possible materials at
ballistic impacts. Nowadays FRPs and STFs are the
main materials of emphasis as a solution for the
mentioned challenge. Thus, their high strain rate impact
behaviours need to be studied, since their properties at
static loadings could not be employed for dynamic
designs. For this reason, having an appropriate test
setup is significant and SHPB is a potential set up to be
used, Jadhav [1]. Since available SHPB setups are
designed for particular challenges in terms of capacity,
material type and other requirements, design
customization and development of own setup for soft
materials is found to be necessary.

Thus, studying the historical background in
advancements of SHPB set up starting from its first
innovation up to the latest customizations is important
for this particular design. According to studies in [2-5]
Bertram Hopkinson primarily developed a set up called
HPB in 1914 using a single bar and its modification was
made in 1948 in which electrical equipment was
incorporated to record the stress waves. Following this
modification, Herbert Kolsky split the HPB in to incident
and transmission bars in 1949 and hence the name
SHPB. It is this Split Hopkinson Pressure Bar set up that
has been widely used in many research studies to
characterize materials at dynamic loadings. Articles [6-
13] addressed a common design theory for any
customization of SHPB design that could result in
acceptable calibration curves and stress wave shapes.
T he customization made by Robertson et al. [14] is one
of the advancements that enabled the setup to test
materials at strain rates ranging 50 to 104 s-1. In a more
suitable approach, Haines et al. [9] followed two design
phases as mechanical system and DAQ system. The
mechanical system includes the launching unit which
has the high pressure cylinder as a main part, the
pressure bars (striker bar, incident bar and transmission
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bar) and the momentum arrest. The DAQ system
includes the strain gauges, oscilloscope and computer
as per Guedes et al. [15].

To design the pressure bars, more emphasis
should be given to the extent of stress waves to be

£(t) = — e (t), e() = — 22

Ls Ls

Where, Cy, is the elastic wave velocity in the bar,
L is the sample length and Ag and A, are the
specimen and bar cross-sectional areas respectively.
&, & and & are incident, reflected and transmitted
strains measured from strain gages on the bar,
respectively. The pressure bars are of the same material
having elastic modulus E, density p, same cross
sectional area Ab, and hence same elastic wave

velocity C, = E/p.

Since the conventional SHPB setup has been
designed for testing hard and metallic materials it is not
suitable for softer materials like polymers and STFs.
Thus, newly customized SHPB setup has to be
designed depending on the nature of the planned test
specimen and expected maximum impact velocity. As
part of the customization process, selection of material
for the pressure bars is very important as the stress
wave transmission is highly dependent on it. Even
though polymeric and aluminium bars are found to be
suitable for the stated softer materials in terms of
impedance matching as per Meng & Li [17] and Butt &
Xue [18], the viscoelastic behaviour causing wave
dispersion and plastic deformation of both these bar
materials made them unfit for higher velocity impacts.
To overcome the stated drawbacks of polymer and
aluminum bars, titanium bars are employed in this
particular design as it has higher yield strength with high
elastic deformation behavior at impacts of extreme
speeds. This study presents the mechanical design
analysis of main parts of customized SHPB, where the
critical ones are supported and validated by FEM
simulation using Abaqus CAE.

propagated through and the following governing
equations for strain rate (¢, strain (€) and stress (o) on
specimen to be tested on the setup are used, Akil [2]
and Song &Chen [16]:

EpA
e.(H)dt, and o(t) = Z 2 g, (t)
The current design has the following

specifications that made it suitable to test softer
materials at higher strain rates; (a) Pressure cylinder
designed to accommodate extreme pressure up to 300
bar of nitrogen gas. (b) Automated control of gas filling,
firing and instantaneous striker bar velocity recording.
(c) Separate foundation and construction of the
pressure cylinder to isolate the vibration in order not to
get transmitted to the bars which otherwise would create
more noise signals. (d) Complete arrest of momentum
using hydraulic momentum trapping system. (e) Slender
titanium alloy (ASTM Grade-5) bars with diameter of 12
mm having reasonably lower acoustic impedance
suitable for high strain rate impact testing of softer
materials. (f) Negligible friction between bars and
bearings, by using custom designed adjustable three-
point miniature ball bearings. (g) Simplified axis
alignment provisions. The overall work is presented in
the following chapters.

II.  MATERIALS AND METHODS

a) Design of launching unit, the bars and momenturn
trapping
i. Design of high pressure gas cylinder

Using the design procedures of pressure
vessel:

From theory of elasticity according to Budynas
& Nisbett [19], a pressure vessel experiences three
simultaneous principal stresses as shown in Fig. 1. The
stresses over the pressure vessel wall are function of
radius.

Principal stresses; 61 = 6t (tangential stress or
hoop stress), 62 = o (radial stress), 63 = 0
(longitudinal stress).

Fig. 7 Schematic drawing of cylinder under pressure and its principal stresses

© 2014 Global Journals Inc. (US)



Thick-wall theory is considered, as it is used for
any wall thickness-to-radius ratio. Cylinder geometry
includes r, r, and L (internal radius, outer radius and
length respectively). Cylindrical stresses representing
the principal stresses, o, o, and o}, can be calculated at
any radius ‘1’ in the range of wall thickness betweenr,
andr,.

Tangential or hoop stress can be given as;

2 2
Pirf —Por3—rir3(Po—P;)/r?,

pi iZ_Po g.
0] =igfri2r'ri <r=<r,

Two mechanical design cases can be considered as;
Case-1: internal pressure only (P,=0)
Case-2: external pressure only (P;=0)

This particular design of high pressure gas
container corresponds to the first case, where P,=0;
therefore, the critical section exists at r = r;, for which the

©)

o, = 5 r<r<r, (1)  hoop stress can be evaluated as;
L ° l. i rg +ri2 (2+1
and similarly the radial stress can be given, 0 (r =r;) = Oymax =P 22 =R =R ()
d2-p 241212 (P, —P;)/r2
o, = Tl <rsy, () Where
o - ¢=5 5)
However, the /longitudinal stress is applicable to i
cases where the cylinder carries longitudinal load, such P
as in capped ends and in boiler vessels, valid where RSS! ©)
bending, nonlinearity and stress concentrations are not  are function of cylinder geometry only.
significant and can be estimated as; And the radial stress will become;
0.(r =r;) = 0, .y = —P(which is a natural boundary condition) 7)
The longitudinal stress depends on end conditions: Pir; 10)
_ {RCn, capped ends @) - SE-06P;
% =0, uncapped ends Where,
Where, S(allowable design stress) = - (11)

Gy = 9)

For calculating the thickness ‘t’ of the cylindrical
shell [20], the following equation can be used.

-1

(D‘”lr

FOS

The dimensions of the designed pressure
cylinder are given in Fig. 2.

|
|
|
|
ap2

393

T

Fig. 2 . High pressure gas cylinder (all dimensions in mm)
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ii. Design of column for the pressure cylinder
The high pressure gas cylinder is subjected to
thrust force generated after each firing process. This
thrust force will be transmitted to its column. Fig. 3
shows the dimensions of the column and point of
application of the transmitted thrust force.

oD

-

L
DO
OO NN WY

TN

Fig. 3 :FBD of pressure cylinder column

The maximum thrust force F, that this part can
face is dependent on the net drop of the cylinder

pressure after single firing.
Ft = Pnet * Abore (12)

Where, P, is the net drop of the pressure at single firing

Ay e 1S cross sectional area of the cylinder bore
Using the formula for design or allowable
bending stress oy, :

(13)

o, = ?
Where, M= bending moment and Z= section
modulus
M =F,*L, length L of the column is fixed by
the axis height of the set up to be 800 mm.
Internal diameter ID of the column is fixed by the swivel
of the thrust bearing seat to be 75 mm and the outer
diameter OD to be calculated.

iii. Design of bars and barre/
Titanium alloy is considered to design the bars
as it reasonably satisfies the following criteria:

» Bars must remain elastic after impacts (higher
modulus of elasticity E)

» Bars should neither breakdown
deform (higher yield strength o)

nor plastically

» Bars should have less density to reduce mismatch
of acoustic impedance Z with soft specimens like
Polymers. Z = pC

b) Striker Bar
From conservation of energy:

Potential energy of the striker bar =
energy of the striker bar

PE, = KE,

kinetic

(14)

PAly =m,VZ (15)

Where, A, = cross sectional area of the striker bar, , = length of the barrel, m; = mass of the sriker bar.

The dimensions of the striker bar as a result of
the above assumption are given in Fig. 4.

o
| \ ,@’/
Lon ]

Fig. 4 : Striker bar (all dimensions in mm)

c) Design of incident and transmission bars

To avoid buckling of the bars in between the
supports, most literatures recommend that their aspect
ratio (L/D ratio) should be limited to 100, however with
three-point contact miniature ball bearings (floater
bearings) having low coefficient of friction can be used
to increase the L/D ratio. As shown in Fig. 5, the length L
of the barsis maintained to be 1200 mm while their
diameter is fixed by striker bar to be 12mm.

1200

Fig. 5 - Incident and Transmission bars (all dimensions in mm)

© 2014 Global Journals Inc. (US)



To predict the Stress capability of incident and
transmission bars the following equations are used;
KE = %mSVSZ (16)

Where,
m, = pAl (17)

Then the maximum stress on the bars will be
the maximum dynamic force divided by the cross
sectional area A of the bars.

(18)

Omax — A
Where,

F4(Maximum dynamic force on the bars) = T—E (19)

Position of bearing supports of Incident and
Transmission bars

The number of bearing supports ‘n’ is fixed to
be two for each bar and their position is calculated by
using Airy’s formula[21].

|

|

o

e

Fig. 6 . FBD of position of bearing supports of incident and transmission bars

As shown in Fig. 6, the distance between
centers of the bearings ‘A’ has been calculated as
follows;

L

A= (20)

i

n2—
1200
V22-1

Therefore, the bearing supports are placed at
253.5 mm distance from both ends of the bar.

Where, L= 1200mm, n=2; A = = 693 mm

d) Design of the barrel (launching tube)

Considering the barrel as a short time pressure
vessel with no welded joints; corresponding joint
efficiency, £, is given as 1 and FOS is fixed to be 2.lts
thickness ‘t’ is calculated using the formula in equation
(10) above as the internal radius of the barrel r,’ is fixed
by the radius of the striker bar to be 6mm.

The necessary dimensions are accordingly
calculated and given in Fig. 7.

>
%

M 26, 2

[ ]

Fig. 7 Barrel or launching tube (all dimensions in mm)

e) Momentum Trapping

i. Selection of hydraulic oil

Selection of the right hydraulic oil should be
made based on its bulk modulus or compressibility. For
complete absorption of the kinetic energy KE generated
at 300 bars of reservoir pressure and safe design, we
assume that the total KE of the striker bar at its
maximum velocity of 600m/s will be transferred to the
momentum trap.

© 2014 Global Journals Inc. (US)
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hydraulic oil

160

160

240

Fig. 8 :schematic drawing of momentum trap hydraulic cylinder (all dimensions in mm)

From Fig.8 it is observed that the level H of ail
responsible to absorb the momentum is made 160mm
and an initial volume V,is calculated as;

42
V, =1 * Tl *H 21)
Allowing 0.2 % change in volume AVof the oail,
bulk modulus E of the hydraulic oil will be calculated as;

KE
E=o (22)

According to the technical data in [22] the
possible oil at 300 bar pressure is the petroleum based
hydraulic oil with corresponding bulk modulus E of 1.6
GPa is therefore selected.

Considering the momentum trap as a mass
attached with a spring and damper as shown in Fig.9, it
is modeled and the stiffness and damping coefficient
are predicted as follows;

Fi+Kx+Cv=0 (23)

Where, F, is the maximum dynamic force to be
trapped, K is the stiffness of the momentum trap, x is the
maximum axial displacement of the piston, C is the
damping coefficient of the momentum trap and v is
velocity of the striker bar.

-y

Fa

X —m
K

7

e

Fig. 9 . FBD of mass attached to a spring and damper
representing the momentum trap

The stiffness K is calculated using the following

formula;

K =m * w?

(24)

Where, m is mass of the movable parts in the
momentum
w,, is the natural frequency.

trap

(head+rod+piston),

_ Cst
WOn = 2+L¢

m
where C, is speed of sound in the bars givenas 5073 5 and L, is length of the transmission bar.

[1I.  FEM SIMULATION OF CRITICAL PARTS
USING ABAQUS CAE 6.10

a) Pressure Cylinder

The following input data are provided to
simulate the stress condition of the cylinder under
maximum nitrogen gas pressure and observation of the
maximum stress is taken, as shown in Fig. 10, to
compare with the yield strength of the selected material.

Material = AISI4130, steel

Load type = 300 bar uniformly distributed internal
pressure

© 2014 Global Journals Inc. (US)

Element type = tetrahedral
Number of elements = 8908

and

(29)



S, Mises

(Avg: 75%)
+1.765e+08
+1.623e4+08
+1.482e+408
+1.341e+08
+1.199%e+4+08

+1.058e+08
+9.167e+07
+7.754e+07
+6.340e+07
+4.927e+07
+3.514e+07
+2.101e+07
+6.875e+06

Fig. 10 :Visualization of FEM simulation results of pressurized SHPB cylinder

b) Column of the pressure cylinder

The following input data are provided to
simulate the stress condition of the column under
dynamic loading and observation of the maximum
stress is taken, as shown in Fig. 11, to compare with the
yield strength of construction material.

Material = AISI4130, steel

5, Mises

(Avg: 75%)
+1.575e+08
+1.445e+08
+1.315e+08
+1.186e+08
+1.056e+08
+9.262e+07
+7.965e+07
+6.668e+07
+5.371e+07
+4.075e+07
+2.778e+07
+1.481e+07
+1.840e+06

Load type = dynamic/explicit, due to the maximum net
pressure drop of gas cylinder after single firing (20 bar
of uniformly distributed pressure)

Element type = tetrahedral
Number of elements = 56091

Fig. 77 . Visualization of FEM simulation results of the column

c) Pressure Bars

The following input data is provided to simulate
the one dimensional stress propagation in the pressure
bars during firing and observation of the maximum
compressive stress is taken, as shown in Fig. 12, to
compare with the yield strength of the Titanium bar
material.

Material = Ti6AlI4V, Titanium (ASTM Grade-5)
Load type = dynamic/explicit, due to the maximum net

pressure drop of gas cylinder after single firing (20 bar
of uniformly distributed pressure)

Element type = tetrahedral
Number of elements = 103306

Loading Duration = 60 ps (set to be two times period of
the wave to check for higher stress)

Since each bar of the assembly could not be
visually identified in a window at a time, the zoomed
images of the interaction areas are displayed in Fig. 12.
The first one is the interaction between striker bar and
incident bar while the second one is between incident
bar, specimen and transmission bar. The results of
which are discussed later in the Results and Discussion
section.
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Fig. 12 :Visualization of FEM simulation results of 1-D stress wave propagation through
pressure bars under impact

d) Data Acquisition Systern (DAQ)

The instrumentation of the SHPB set-up typically
comprises a velocity measurement system, strain
gauges, high speed strain gage input module with built-
in signal conditioner and amplifier as well as voltage
excitation source for powering the wheat stone bridge
circuit, and oscilloscope for the display of acquired
strain signals in both the incident and transmission bars.
The following section discusses each of the above
components of DAQ system in detail.

i. Velocity Measurement System

The main purpose of the velocity measurement
system is to determine the impact velocity of the striker
bar. It comprises of two IR (Infra-red) sensors, KOYO
PLC and high speed counter module (HO-CTRIO-2). As
soon as the striker bar is triggered, it passes in front of
the IR sensors within a fraction of second.
Consequently, pulse state and stop is registered in the
PLC. The function of the high speed counter module is
to determine the time duration between the consecutive
pulse start and stop. By knowing the distance between
the speed sensors, the impact velocity of the striker bar
is calculated. The schematic of the velocity-
measurement system is illustrated in Fig.13.

© 2014 Global Journals Inc. (US)
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Fig. 13 Schematic diagram of Velocity Measurement
System

ii. Stress-Sirain Measurerment Systern

This system comprises of the strain gages,
signal conditioner cum amplifier and data acquisition
(DAQ) system. The selection of appropriate DAQ system
is solely based upon the required sampling frequency
(fo i.e. number of samples taken per second. The
sampling rate of the DAQ system must satisfy the
Nyquist criterion [23], which states that the signal must
be sampled at a frequency which is greater than twice
the highest frequency component of interest in the
signal, otherwise, the high frequency content will alias at
a frequency inside the spectrum of pass-band. The
specific DAQ system used in this setup is based on NI
PXle supported by Lab view software. Fig.14 shows the
photograph of the DAQ and analysis system including
the strain input card and the monitor.

Sampling ratef, of the DAQ system



Fig. 14 : Photograph of the DAQ and
analysis system

Calculation of loading duration T of pressure
bars is essential to fix the minimum sampling rate
required by the DAQ system.

T =21/C (26)

Where, A is the wave length and C is the wave
speed with in the pressure bars. The wave length A is
two times the length of the striker bar which comes out
to be 0.152m (2*0.076m). Period T is calculated to be
30 pus and the subsequent maximum wave frequency
frax Will be 1/T, which is nearly 34 KHZ. Thus, sampling
rate of DAQ system, according to Nyquist criteria;
fs>2f . should at least be 70 Kilo samples per second
(>2*34 KS/sec).

Wheatstone Bridge Configuration
Two active strain gages were mounted

diametrically opposite on the bars, thus constituting Half
Bridge Type Il configuration.

i 0
~ r
T
0
&
Gy
n

sl
-
A%

Fig. 15 Half Bridge Type Il Circuit Diagram

In Fig. 15, R; and R, are the half bridge
completion resistors, R; is the active strain gage
element measuring the compressive strain (-g) and R, is
the active strain gage element measuring the tensile
strain (+¢). This bridge configuration measures purely

Where, V, (the voltage ratio)=

Ve is the excitation voltage,Vq, is the measured
signal voltage,GF is Gage factor of the strain gages and
Ri.Rjare lead resistance andnominal strain gage
resistance, respectively.

e) Fabrication and Installation

Fabrication of the designed SHPB parts, their
assembly and the total installation is thereby
accomplished. The total setup assembly contains
different mechanical, electrical and electromechanical
parts as tabulated in Table 1 below.

axial strain while rejecting the bending strain. The strain
gage output voltage was converted to corresponding
strain units by using the following equation.

Strain (&) = () * (1 + g—:

Ven (strained )=V cy (unstrained )

VEx

© 2014 Global Journals Inc. (US)

(A) Volume XIV Issue VII Version I E Year 2014

<]

&

| of Researches in Engineering

Global Journa



Global Journal of Researches in Engineering (A) Volume XIV Issue VII Version I E Year 2014

Table 7. List of SHPB parts

List of Split Hopkinson Pressure Bar Parts
Mechanical parts Electrical and Electromechanical Parts
e Base tables e Pneumatically actuated high pressure solenoid
valves (2) (300 bar capacity)

Pressure transmitter (250 bar capacity)

e High pressure gas reservoir (300 bar capacity)
e Reservoir vent needle valve (250 bar capacity)

. e Control panel
e Reservoir column

e Swivel o Digital pressure indicator (0.1 bar resolution)

e Nitrogen gas supply pressure cylinder High speed counter module

(accumulator) o E32-TC200-2M fiber optic velocity sensor
e High pressure nipples (400 bar capacity) e IR velocity sensors with individual ampilifier unit
e High pressure Union pipe joints (250 bar ¢ NI PXle-10620 DAQ (Data Acquisition) system
capacity) supported by Lab view software
e Barrel support block-1 (large) e Strain gauges
e Barrel support block-2 (small)  Strain gauge wires

e Barrel clamps (2)

e Cross channels (2)

e Bearing supports (4)

o Floater bearings (4)

e C-clamps (18)

e Hydraulic momentum trap

e Momentum trap backing mechanism
e Momentum trap sit bracket and supports
e Barrel (launching tube)

e  Striker bar

e Incident bar (weigh bar)

e Transmission bar (anvil bar)

The solid model and photograph of the developed setup are shown in Fig. 16 and Fig.17 respectively, which
is in effect developed from scratch and will give an idea to others to create it from a junk yard.

Fig. 76 : Solid model of the entire SHPB setup
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pecimen position

Fig. 17 : Photograph showing the entire SHPB setup assembly and zoomed details of speed sensors,
specimen position, momentum trap and the floater bearings

IV. RESULTS AND DISCUSSION

From the start of the design, assumptions of
perfect gas law and adiabatic expansion were
considered to make use of maximum pressure energy
for safe design of the parts of the setup. The maximum
pressure of nitrogen gas with in the cylinder which is 300

bar is considered throughout the entire design of each
component part. Accordingly, every part of the setup is
shown to be safe against the maximum applied stress.
The main parts are summarized and listed in Table 2 for
comparison of their strength with the maximum possible
stresses obtained in FEM simulation as well as
analytically.

Table 2 . Comparison of stresses and strength of SHPB main parts

Strength and Stresses Pressure Cylinder

(AISI4130, steel)

Column of Cylinder Pressure Bars (Ti6AI4V)

(AISI4130, steel)

Yield Strength(ay) 460 MPa
Max. Stress (by design) 160.5 MPa
Max. Stress 176.5 MPa

(bysimulation)

460 MPa 830 MPa
230 MPa 796.2 MPa
157.5 MPa 716 MPa

As presented in Table 2 above, the maximum
possible stresses in each part as a result of design and
simulation are reasonably close to each other and less
than the corresponding yield strengths, which shows a
safe design, however, the stress in pressure barsis quite
close to the yield strength and may require continuous
observation of their ends for any plastic deformation.

The one dimensional stress S-33 propagation
along the axial direction (Z-axis) of the pressure bars is
shown by post process in Fig. 18. For visualization
purpose, around half the length of the incident bar is

taken and the graph is displayed in five even and
successive step time frames namely S33 T1, S33 T2,
S33 T3, S33 T4 and S33 T5. Since the time period is
set to be 100us, each step frame occurs at every 20 ps.
[t can be observed that the maximum stress on the
pressure bars during such a very short loading duration
is a compressive stress just exceeding 700 MPa in all
the time frames. The exact value of this maximum stress
can be seen in Fig.12and Table 2 as 716MPa
(compressive).
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Fig. 18 . Postprocess visualization of ‘FEM simulation’ results of 1-D stress wave propagation through
pressure bars under impact

For the velocity-pressure calibration, the striker — striker bar was computed by measuring the time
bar was fired with compressed nitrogen gas. The duration between the consecutive IR sensors. The graph
pressure was varied from 60 bar to 0.1 bar in obtained from the velocity-pressure calibration is shown
decreasing order, to avoid frequent filling of the inFig.19 as under.
pressure cylinder, and subsequently the velocity of the

7 y = 27.94125 * x **'7%
70 R’ = 0.99251

65 -
60:

55

Velocity (m/sec)

LS IR O SR LI (R DL PPN I PR RTINS MR (RS D |
0 5 10 15 20 25 30 35 40 45 50 55 60 65
Pressure (Bar)

Fig. 19 :Velocity-Pressure calibration of Split Hopkinson Pressure Bar
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Only one available paper by Haines et a/. [9]
presented the velocity-pressure curve of SHPB having
curve fitting equation of y = 7.9507x%2387 _ In this work
the curve fitting equation shown in the above graph is
about 3.5X steeper. That means the velocity of the
striker bar of this design is 3.5 times more at the same
firing pressure. Moreover, the regression parameterReis
close to one which indicates consistency of the nitrogen
gas expansion, negligible gas leakage through the
joints, proper propelling barrel length and size of striker
bar.

V. CONCLUSION

Development of particular SHPB set up of
length 6.5m, height 1.2m and width of 0.56m is done
after necessary design analysis and overall
customization in house. This set up mainly focuses for
high strain rate impact characterization of soft and light
armor material systems like polymers and FRPs. Parts of
the setup are designed for the maximum firing pressure
of 300 bar with slender titanium bars of 12 mm diameter
to help the assumption of one dimensional stress wave
propagation theory. The launching unit is made
separated by foundation from the bars table to protect
the vibration noise signals not to be transmitted to the
pressure bars. Mechanism for floater bearings is also
developed to reduce the coefficient of friction which
could happen between the bearing-bar interactions. A
hydraulic momentum trap is provided to avoid repeated
loading of test specimens so that the specimen could
further be examined by subsequent tests like scanning
electron microscopy. The maximum stresses on the
critical mechanical parts of the setup; the cylinder,
column and bars were cross checked with the FEM
simulation results and compared with its corresponding
yield strengths, hence safe design of the setup is
observed. The velocity-pressure calibration graph
achieved in this design shows that the velocity of the
striker bar at a particular pressure is about 3.5 times
more than the one presented in previous works. Testing
of polymers and composites is in progress using this
newly developed setup.
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In future, if the board feels the necessity to change any board member, the same can be done with
the consent of the chairperson along with anyone board member without our approval.

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

In case of “Difference of Opinion [if any]” among the Board members, our decision will be final and
binding to everyone. Z
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PROCESS OF SUBMISSION OF RESEARCH PAPER

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

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

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

(A) (1) First, register yourself using top right corner of Home page then Login. If you
are already registered, then login using your username and password.

(1) Choose corresponding Journal.
() Click ‘Submit Manuscript’. Fill required information and Upload the paper.

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

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

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

MANUSCRIPT STYLE INSTRUCTION (Must be strictly followed)

Page Size: 8.27" X 11"

e Left Margin: 0.65

e  Right Margin: 0.65

e  Top Margin: 0.75

. Bottom Margin: 0.75

e  Font type of all text should be Swis 721 Lt BT.

e  Paper Title should be of Font Size 24 with one Column section.

e Author Name in Font Size of 11 with one column as of Title.

e  Abstract Font size of 9 Bold, “Abstract” word in Italic Bold.

e Main Text: Font size 10 with justified two columns section

e  Two Column with Equal Column with of 3.38 and Gaping of .2

e  First Character must be three lines Drop capped.

e  Paragraph before Spacing of 1 pt and After of O pt.

e Line Spacing of 1 pt

e large Images must be in One Column

e Numbering of First Main Headings (Heading 1) must be in Roman Letters, Capital Letter, and Font Size of 10.
e Numbering of Second Main Headings (Heading 2) must be in Alphabets, Italic, and Font Size of 10.

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

1. General,

2. Ethical Guidelines,

3. Submission of Manuscripts,

4. Manuscript’s Category,

5. Structure and Format of Manuscript,
6. After Acceptance.

1. GENERAL

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

Scope

The Global Journals Inc. (US) welcome the submission of original paper, review paper, survey article relevant to the all the streams of
Philosophy and knowledge. The Global Journals Inc. (US) is parental platform for Global Journal of Computer Science and Technology,
Researches in Engineering, Medical Research, Science Frontier Research, Human Social Science, Management, and Business organization.
The choice of specific field can be done otherwise as following in Abstracting and Indexing Page on this Website. As the all Global
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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 | rather than 1.4 x 10-3 m3, or 4 mm somewhat than 4 x 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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e 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.

e 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.

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

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

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

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

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

6. Use of computer is recommended: As you are doing research in the field of Computer Science, then this point is quite obvious.
7. Use right software: Always use good quality software packages. If you are not capable to judge good software then you can lose

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

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

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

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

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

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

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

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

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

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

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

records.

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

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

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

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

26. Go for seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources.
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27. Refresh your mind after intervals: Try to give rest to your mind by listening to soft music or by sleeping in intervals. This will also
improve your memory.

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

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

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

31. Adding unnecessary information: Do not add unnecessary information, like, | 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
sufficient. Use words properly, regardless of how others use them. Remove quotations. Puns are for kids, not grunt readers.
Amplification is a billion times of inferior quality than sarcasm.

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

33. Report concluded results: Use concluded results. From raw data, filter the results and then conclude your studies based on
measurements and observations taken. Significant figures and appropriate number of decimal places should be used. Parenthetical
remarks are prohibitive. Proofread carefully at final stage. In the end give outline to your arguments. Spot out perspectives of further
study of this subject. Justify your conclusion by at the bottom of them with sufficient justifications and examples.

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

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING

Key points to remember:

®  Submit all work in its final form.
e 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.
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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

e |[nsertion a title at the foot of a page with the subsequent text on the next page
e  Separating a table/chart or figure - impound each figure/table to a single page
e  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.
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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
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

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

Approach:
®  Single section, and succinct
® Asaoutline 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
e  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

e  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:

e  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.
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®  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.

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

®  Asalways, 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
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.

e 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

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

e |f well known procedures were used, account the procedure by name, possibly with reference, and that's all.
Approach:

® |t 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.
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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.

e  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.
L] Not at all, take in raw data or intermediate calculations in a research manuscript.

® 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

e Asforever, 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

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

e |f 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
®  |n spite of position, each table must be titled, numbered one after the other and complete with heading

e Allfigure 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.
®  Tryto 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?

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

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

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

rejected.

. 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.

e 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.
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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

CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS INC. (US)

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

Topics

Abstract

Introduction

Methods
Procedures

Result

Discussion

References

XXIII

Grades

Clear and concise with
appropriate content, Correct

format. 200 words or below

Containing all background
details with clear goal and
appropriate  details, flow
specification, no grammar
and spelling mistake, well
organized sentence and

paragraph, reference cited

Clear and to the point with
well arranged paragraph,
precision and accuracy of
facts and figures, well

organized subheads

Well organized, Clear and
specific, Correct units with
precision, correct data, well
structuring of paragraph, no
grammar and spelling
mistake

Well organized, meaningful
specification, sound
conclusion, logical and
concise explanation, highly

structured paragraph
reference cited
Complete and correct

format, well organized

Unclear summary and no
specific data, Incorrect form

Above 200 words

Unclear and confusing data,
appropriate format, grammar
and spelling errors with
unorganized matter

Difficult to comprehend with
embarrassed text, too much
explanation but completed

Complete and embarrassed
text, difficult to comprehend

Wordy, unclear conclusion,
spurious

Beside the point, Incomplete

E-F

No specific data with ambiguous
information

Above 250 words

Out of place depth and content,
hazy format

Incorrect  and unorganized

structure with hazy meaning

Irregular format with wrong facts
and figures

Conclusion is not  cited,
unorganized, difficult to

comprehend

Wrong format and structuring
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