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Behavioral Modeling and simulation of Two
Stroke Engine and Designed Catalytic Convertor
with Improved Design for Implementation

Mukesh Thakur, Dr. N.K. Saikhedkar

Abstract - To control the exhaust emissions from two stroke spark ignition engine, copper nano-particles coated on wire mesh at the
junction of improved design as catalytic converter, AVL-422 gas analyzer was used for measurement and comparision for CO and unburnt
hydrocarbon in the exhaust of the engine at various speeds and loads. In the present work, an improved design is proposed which is more
suitable for implementation along with improved performance and efficiency in reducing the exhaust emissions from two stroke spark
ignition engine. This research paper basically deals with the behavioral modeling and simulation of two stroke engine with developed
catalytic convertor. The basic idea of behavioral modeling starts from analyzing the practical behavior of two stroke engine and designed
catalytic convertor, and then approximating obtained behavior in terms of mathematical equations. These obtained equations actually
represent behavior of concern system. Once mathematical equations are obtained, next stage is to implementation of these equations in
Simulink platform. The last process is the validation check by the simulation of developed model. This research opens a new gateway to
achieve clean and green environment by reducing pollution from two stroke vehicles.

Index Terms — exhaust emissions, improved design, nano-particles, spark ignition engine

1 INTRODUCTION

HE Nano-particles are used for a variety of purposes from

medical to scientific. Actually, when the size of a particle

is reduced to the extent of about 10° m, it is called nano-
particle. The small size of the particle makes it highly reactive
Therefore; the nano-particles are also used to treat a variety of
ailments and diseases like cancer. The major contributor of
environmental pollution is the exhaust emissions from the tail
pipe of automobiles. A complete re-design may not be as lu-
crative as the modification of the exhaust tailpipe arrange-
ment. The exhaust emissions can be treated by nano-particles
before ejecting them to atmosphere [1]. The exhaust emissions
mainly contain carbon di-oxide which causes global warming
and CO which is very harmful to human health and welfare
[2]. Unburnt hydrocarbons are present in exhaust emission
due to incomplete combustion. The level of unburned hydro-
carbons is specified as parts per million (ppm) carbon atoms.
The total hydrocarbon emissions are used as a measure of the
combustion efficiency. Treatment of the exhaust gas means
that some cleaning action must occur after the exhaust emis-
sions leave the engine cylinder and exit from the tail pipe
which enters in to atmosphere [3]. A comprehensive review on
the application of nano-technology in automotive pollution
control was covered. First, the essential aspects of environ-
mental problems due to automotive industry were discussed
and then the application of nanotechnology towards the pre-
vention and control of these problems were suggested in de-
tail [4]. The utility of the nano-particles towards automobile
pollution control was explained in detail. The nano-particle
coating on the catalytic converter of automobiles can be very
helpful in the reduction of pollutant concentration and thus
reduce the pollution level in atmosphere [5]. Amongst main
metals like Au, Ag, Pd, Pt, towards which nanotechnology
research is directed, copper and copper based compounds are
the most important. The metallic Copper plays a significant

role in modern electronics circuits due to its excellent electrical
conductivity and low cost nanoparticles [6]. Copper based
nano-particles are gaining wide popularity due to high reac-
tivity and good conductivity [7]. The post pollution control
method in two-wheeler automobiles using nano-particle as a
catalyst was proposed. A study on nano-particle reveals that
the ratio of surface area of nano-particle to the volume of the
nano-particle is inversely proportional to the radius of the
nano-particle. So, on decreasing the radius, this ratio is in-
creased leading to an increased rate of reaction and the con-
centration of the pollutants is decreased [8]. It involves the use
of copper nano-particle which is cheaper than the platinum,
palladium and rhodium nano-particles used in automobiles
[9]. A microprocessor based analyzer was used for measure-
ment of CO and HC emissions [10]. To control the exhaust
emissions from two stroke single cylinder spark ignition petrol
engine having copper nano-particles coated on copper sieve as
catalytic converter was used. AVL-422 Gas analyzer was used
for the measurement and comparison for CO and unburned
hydrocarbon in the exhaust of the engine at various speeds
and loads [11]. The conversion efficiency of a catalytic con-
verter mounted on a vehicle with spark ignition engine was
evaluated under steady operating conditions [12]. Three way
converters have been compared to understand the influence of
the substrate on the exhaust gas conversions for different op-
erating conditions of vehicle [13]. Various tests conducted on
four stroke engine reveal that the copper coated engine
showed a better performance than a normal engine [14]. On
using copper powder, the catalytic efficiency was found to
increase as the size of the powder decreased [15]. A nano cata-
lytic converter was designed and manufactured to reduce the
pollution in the environment [16]. Nano-coatings can be used
to reduce surface roughness of engine components and to act
as protective coating against wear of components. Experi-
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ments were conducted to improve the engine performance
and reduce the emissions of HC and CO from vehicle. Some
alterations and modifications have been designed so as to in-
crease the retention period of exhaust gases to provide more
time for its oxidation and thereby to reduce harmful emissions
[17].

Thakur and Saikhedkar paper gave a comprehensive review
on the recent trends in application of nano-technology in au-
tomotive pollution control. First, the essential aspects of envi-
ronmental problems due to automotive industry were dis-
cussed and then the application of nanotechnology towards
the prevention and control of these problems were suggested
[18]. Thakur et al. paper commented on the utility of the nano-
particles towards automobile pollution control. The nano-
particle coating on the catalytic converter of automobiles can
be very helpful in the reduction of pollutant concentration and
thus reduce the pollution level in atmosphere [19]. Amongst
main metals like Au, Ag, Pd, Pt, towards which nanotechnol-
ogy research is directed, copper and copper based compounds
are the most important . The metallic Copper plays a signifi-
cant role in modern electronics circuits due to its excellent
electrical conductivity and low cost nanoparticles [20]. Thus
Copper will gain increasing importance as it is expected to be
an essential component in the future nanodevices due to its
excellent conductivity as well as good biocompatibility and its
surface enhanced Raman scattering (SERS) activity [21].
Thakur and Saikhedkar studied the the post pollution control
method in two-wheeler automobiles using nano-particle as a
catalyst. A study on nano-particle reveals that the ratio of sur-
face area of nano-particle to the volume of the nano-particle is
inversely proportional to the radius of the nano-particle. So,
on decreasing the radius, this ratio is increased leading to an
increased rate of reaction and the concentration of the pollu-
tants is decreased. It involves the use of copper nano-particle
which is cheaper than the platinum, palladium and rhodium
nano-particles used in automobiles [22].

Metallic copper nanocrystals homogeneously dispersed in
silica layers have attracted great attention recently for the de-
velopment of nonlinear optical devices [23]. Thakur and
Saikhedkar proposed an approach to control the exhaust emis-
sions from two stroke, single cylinder and spark ignition pet-
rol engine having copper nanoparticles coated on copper sieve
as catalytic converter.AVL-422 gas analyzer was used for the
measurement and comparison for CO and unburnt hydrocar-
bon in the exhaust of the engine at various speeds and loads.
Some alterations and modifications had been designed so as to
increase the retention period of exhaust gases to provide more
time for its oxidation and thereby to reduce the harmful emis-
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sion [10]. Catalytic converter based on spray of copper nano-
particle on copper sieve demonstrates superior performance.
Nano-particle exhibit high temperature stability beyond that
normally encounter in catalytic converter applications [24].
Thakur and Saikhedkar tried to control the exhaust emissions
from four stroke, single cylinder, and spark emission petrol
engine having copper nano-particles coated on copper sieve as
catalytic converter. AVL-422 gas analyzer was used for meas-
urement and comparision for CO and unburnt hydrocarbon in
the exhaust of the engine at various speeds and loads. They
modified their design to increase the retention period of ex-
haust gases to provide more time for its oxidation and thereby
to reduce harmful emissions [25].

In the present work, an improved design having reduced
diameter at inlet, outlet and increased inclination angle is pro-
posed. The new design is more suitable for implementation
along with improved performance and efficiency in reducing
the exhaust emissions from two stroke spark ignition engine.

2 PROCEDURE

2.1 System Dsigning

The arrangement was provided within the system to fix the
wire gauge of copper. It is designed in such a way so that the
area of cross section at the point where the wire gauge is fitted
is more than the area of cross-section of exhaust manifold of
the engine. Wire gauge of mesh no. 20 is used and fitted with
the help of nuts and bolts.
Engine Specifications are as follows:

SINGLE CYLINDER HORIZONTAL AIR COOLED TWO
STROKE PETROL ENGINE.
MAXIMUM SPEED -3000 RPM
BRAKE HORSE POWER- 4.5HP.

2.2 Experimental Procedure
1. Connect the instrumentation power input plug toa 230 V,
50 Hz single phase AC supply. Now all the digital meters
namely, RPM indicator, temperature indicator display the
respective readings and also connect the inlet and outlet wa-
ter connections to the exhaust gas calorie meter and engine.
2. Fill up the petrol to the fuel tank mounted side of the pan-
el.
3. Check the lubricating oil level in the oil sump. Allow wa-
ter to the engine and calorie meter and adjust the flow rate.
4. Start the engine with the help of self start arrangement.
5. Allow the engine to stabilize the speed, i.e., 1500rpm or
2200 rpm by adjusting the accelerator.
6. Apply Yaload, i.e. slowly vary the potentiometer.
7. Note down all the required parameters mentioned below:
(a) Speed of the engine in rpm.
(b) Load from spring balance.
(c) Time taken for 10 cc of fuel consumption.
(d) Manometer readings.
(e) Different temperatures from temperature indicator.
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8. Load the engine step by step with the use of field excita-
tion rheostat provided on the load bank such as,

(a) Y2 load

(b) ¥ load

(c) Full load

3 BEHAVIORAL MODELING

In behavioral science, system theory and dynamic sys-
tem modeling, a behavioral model reproduces the required
behavior of the original analyzed system, such as there is a
one-to-one correspondence between the behavior of the orig-
inal system and the simulated system. The behavioral ap-
proach is motivated by the aim of obtaining a framework for
system analysis that respects the underlying physics. The
behavior may be achieved in simulation with a mixture of
ideal or otherwise physically unrealistic components if it
successfully recapitulates the behavior of the system under
analysis.

This section basically deals with the behavioral modeling
and simulation of two stroke engine with developed catalyt-
ic convertor. The basic idea of behavioral modeling starts
from analyzing the practical behavior of two stroke engine
and designed catalytic convertor, and then approximating
obtained behavior in terms of mathematical equations.
These obtained equations actually represent behavior of
concern system. Once mathematical equations are obtained,
next stage is to implementation of these equations in Sim-
ulink platform. The last processes is the validation check,
which is nothing but the simulation of developed model.

3.1 Behavioral Modeling of Two Stroke Engine

This subsection presents the complete behavioral modeling
of two stroke engine, during modeling of engine following
parameters are important and has to addressed during

modeling.
L Horse power of engine.
ii.  Speed of engine in RPM.
iii.  Applicable load during running condition.

These three important parameters are basically independent
variable for modeling, and it is difficult to address simulta-
neously. However among these three on can be assume con-
stant, so for modeling of two stroke engine, in this paper
horse power of engine is taken as constant, this leads the re-
duction of one independent variable from the list.

Now following steps provide complete idea of behavioral
modeling of two stroke engine.

Step 1. Define the behavior of two stroke engine in terms of
input and output variables. For modeling of this paper the
input variables are,

i.  Speed of engine in RPM.

ii.  Applicable load during running condition.
Similarly the output variables for our work are
i.  COin percentage.

ii.  HCinPPM.

To analyze the behavior of two stroke engine, practical ex-
periment has been performed and data collected is shown in
table (1).

Speed In CO in HC(in PPM)
RPM Load %
1750
0.25 1.5
1650
0.5 1.2
1500
1700
0.75 1.3
1800
1 1.6
1600
0.25 1.2
1550
0.5 1
1800
1575
0.75 1.1
1700
1 1.3
1500
0.25 1.16
1350
0.5 0.8
2000
1400
0.75 0.9
1600
1 1.2
1800
0.25 1.6
1600
0.5 1.4
2200
1680
0.75 1.5
1720
1 1.6
Table (1)

Step2. From table (1), it is clear that there are two different
speed conditions and each speed value consists two differ-
ent load conditions. So for proper behavioral analysis of two
stroke engine, we have to analyze the complete behavior in
two parts, ie, based on different speed conditions. Hence the
complete modeling is also divided in two parts.
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Step3. Modeling of two stroke engine for speed = 1500 RPM.
Table (2) shows the behavior of engine for 1500 RPM.

HC(in
Speed In PPM)
RPM Load COin %
1750
0.25 1.5
1650
0.5 1.2
1500
1700
0.75 1.3
1800
1 1.6
Table (2)

Now by dividing the modeling in two parts actually pro-
vides reduction of second independent variable, and hence
for modeling now we have only one independent variable
and two dependent output variables. Figure (1) and (2)
shows plot of CO and HC with respect to Load values for
fixed speed 1500 rpm.
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Figure (1)
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Figure (2)
After using above figures, mathematical equations for CO
and HC can be obtained as
€O = —2.1333x%+ 6.4 x2 —5.066 1)

1700

1650

HC =
—1066 x* + 2800 x2 — 2033x +
209 @)

Step4. Modeling of equation 1 and 2 in MATLAB Simulink:
After getting the equations the next step to make Simulink
model. Figure (3) shows the developed simulation model of
two stroke engine for speed 1500 rpm.

@D

Load

\?I<

Productd  Gain3 *

Add1

constant!
Figure (3) Actual simulation model of two stroke engine for
1500 rpm

Step5. Similarly we can obtain equations for CO and HC for
speed = 1800, 2000 and 2200 rpm.
The equations obtained are as follows:

i.  For Speed = 1800 rpm.

€O = —2.1333x% + 5.6 x* — 4.066 3)
HC = 266.6 x3 + 200 x? — 466.6 x + 1698 )

ii. ~ For Speed = 2000 rpm.

CO = —-2773x%+ 7.84x*—6.106 x + 2.23 5)
HC = —533.3 x* + 2400 x* — 2166 x + 1898 (6)

iii. ~ For Speed =2200 rpm.

CO = —4.266 + 9.6 x* — 6.533 x + 2.79 (7)

HC = —2517 x® + 5792 x* — 4042 x + 2486 (8)
Step6. Development of complete model including all two
models.
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Output from Engine

Behavioral Model
Two Stroke Engine

Figure (4) Complete model of Two stroke engine.

3.2 Behavioral Modeling of Catalytic Convertor for
Two Stroke Engine

In this subsection we provide behavioral modeling
of physically designed catalytic convertor for get-
ting reduction in amount of CO and HC obtained
from two stroke engine with the help of nano mate-
rial. Step1. Behavior analysis: table (3) and table (4),
shows the practical behavior of physically designed
catalytic convertor. Figure (5) and (6) shows corre-

sponding plots.

COIN % COWCCIN %

0.6
8

0.62
0.9

0.6
1

0.68
1.10

0.65
1.16

0.7
1.20

0.75
1.30

0.8
1.40

0.8
1.50

1.10
1.60

1
1.70

Table (3)
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HCWCC in PPM
HC in PPM
950
1350
1000
1400
1100
1500
1100
1550
1250
1575
1150
1600
1400
1650
1500
1680
1400
1700
1650
1720
1500
1750
1550
1800
Table (4)
1.2
COWCCIN %
: N
0.8
0.6
0.4
0.2
O T T T 1
0.5 1 1.5 2
Figure (5)
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1800
1600 Step4. Development of complete Catalytic Conver-
1400 | HEWCCin PPM tor model including the two in same model.
1200
1000

800 ]

600 C0 From Engine COWCE }

400 o

200 COWCC in percentage

0 CQutput from Catelytic Comverta
0 500 1000 1500 2000
Figure (6)

Step2. Generation Of mathematical equations: with HC Fom Egoe - CICC '
the help of figure (5) and (6) obtained equations for HC
reduced CO and HC are, —
COWCC = 0.136 CO3® — 0.357 CO? + 0.671 CO + L Outputrom Catelic Coverar
0.134 ) Behaviora ode
HCWCC = —0.130 HC3 + 6.210 HC? — 96.66 HC + CaticCmerta
501.2 (10)

Figure (9) Simulation Model of Catalytic Convertor.

Step3. Modeling of equation 9 and 10 in MATLAB
3.3 Simulation of Complete system and simulation

Simulink.
Results
o> The complete simulation model for this paper has
.Ig been successfully implemented and shown in figure
o (10)
i — ' __
S N | e —
Engoe Product Froduct{ Gand N
= - s —
Figure (7) Simulation model for COWCC e (irmb O
COWCE npercentage
Quiputfrom Cateltic Convertr
Gainl0 i D E
% ploat i HoFn B HONCC »
Garfl N . W
HE,,, ' t@, N % Howee St [ Seorma it
Engine Gaintt Froductd 3 - L » Cateltic Corveter
§01.2 HC nPPM
Outpt fom Engine
_ _ _ o - Figure (10)
Figure (8) Simulation model for HCWCC
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3.4 Analysis of Developed Simulation Model.

After development of simulation model for a physical
device, it must undergo for testing. This subsection
provides a complete statistical analysis for practical
engine with catalytic convertor and simulation model
developed. To present a deep analysis, the complete

shown analysis of engine model alone, while in second
part an analysis of complete engine with catalytic con-
vertor is shown is briefly discussed.

3.4.1 Analysis of Engine Alone

For the proper analysis of developed engine model,
comparative evaluated values for the two stroke en-

analysis is divided in two parts. In first part we have gine are shown in table ).
Speed | Load | COin % HC(in PPM)
In
RPM Practical | Simulation | Percentage | Practical | Simulation | Percentage
Error Error
0.114%
0.25 1.5 1.49 0.66% 1750 1748
0.121%
1500 0.5 1.2 1.19 0.83% 1650 1648
0.117%
0.75 1.3 1.29 0.76% 1700 1698
0.111%
1 1.6 1.59 0.62% 1800 1798
0.125%
0.25 1.2 1.19 0.83% 1600 1598
0.129%
0.5 1 0.99 1.00% 1550 1548
1800
0.126%
0.75 1.1 1.09 0.90% 1575 1573
0.117%
1 1.3 1.29 0.76% 1700 1698
0.133%
0.25 1.16 1.15 0.86% 1500 1498
0.148%
5000 0.5 0.8 0.79 1.25% 1350 1348
0.142%
0.75 0.9 0.89 1.11% 1400 1398
0.125%
1 1.2 1.19 0.83% 1600 1598
0.111%
0.25 1.6 1.69 0.62% 1800 1798
0.125%
0.5 1.4 1.39 0.71% 1600 1598
2200
0.119%
0.75 1.5 1.49 0.66% 1680 1650
0.116%
1 1.6 1.59 0.62% 1720 1718
Table (5)
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From table (5) it is clearly observable, that the maximum
percentage error obtained for CO is .25% and for HC is
0.148%, which are very small and hence the developed
behavioral simulation model of two stroke engine is the
exact replica of practical two stroke engine considered for
this work.

1060

3.4.2 Analysis of Complete Engine with Catalytic
Convertor
For the proper analysis of developed Catalytic Convertor
model, comparative evaluated values for the Catalytic

Convertor are shown in table (6).

Speed | Load COWCC in % HCWCC (in PPM)
In
RPM Practical | Simulation | Percentage | Practical | Simulation | Percentage
Error (in Error (in
%) %)
0.37 1.71
0.25 0.8 0.7963 1500 1474.38
5.7 7.1
0.5 0.7 0.6601 1400 1300.63
6.43 3.59
0.75 0.75 0.7018 1450 1398
5.48 1.94
1500 1 0.9 0.8507 1550 1520
5.7 8.31
0.25 0.7 0.6601 1300 1192
2.67 1.65
0.5 0.6 0.584 1100 1081.88
8.66 9.08
0.75 0.68 0.6211 1250 1136.52
6.03 0.14
1800 1 0.8 0.7018 1400 1398
0.88 9.55
0.25 0.65 0.6443 1100 980
6.33 9.43
0.5 0.6 0.512 950 821.38
8.4 9
0.75 0.62 0.5479 1000 840
5.7 3.65
2000 1 0.7 0.6601 1150 1192
9 5
0.25 1 0.8507 1600 1520
6.64 8.97
0.5 0.8 0.7469 1450 1192
6.67 9.27
0.75 0.9 0.7963 1500 1361.02
10 7.17
2200 1 1.1 0.8507 1650 1431.62
Table (6)
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From table (6) it is clearly observable, that the maximum
percentage error obtained for CO is 10% and for HC is
9.55%, which are very small and hence the developed be-
havioral simulation model of complete engine with cata-
lytic convertor is the exact replica of practical complete
two stroke engine with catalytic convertor considered for
this work.

4 RESULTS AND DISCUSSION

There are two methods of control of pollution namely; pre-
pollution control and post pollution control. Many environ-
mentalists are interested in using precious metal nanoparticles
as exhaust filters, both for vehicles and for power plants. In
vehicles, particularly those that are diesel-powered, the nano-
particles have been shown to be effective in oxidizing harmful
hydrocarbon compounds that are released in their exhaust,
thereby reducing their negative impact on the atmosphere.
Platinum, gold and palladium are the most commonly used
when it comes to diesel filtering. This paper is based on the
post pollution control method in two-wheeler automobiles
using nano-particle as a catalyst. A study on nano-particle
reveals that the ratio of surface area of nano-particle to the
volume of the nano-particle is inversely proportional to the
radius of the nano-particle. So, on decreasing the radius, this
ratio is increased leading to an increased rate of reaction and
the concentration of the pollutants is decreased. The proposed
method is very effective in the prevention of environmental
pollution contributed from two-wheeler automobiles. It in-
volves the use of copper nano-particle which is cheaper than
the platinum, palladium and rhodium nano-particles used in
automobiles. The catalyst increases the rate of reaction by ad-
sorption of reactants in such a form that the activation energy
for reaction is reduced far below its value in non-catalytic re-
action. Copper metal is selected for the present work as it is
cheaper than platinum, palladium and rhodium also it ad-
sorbs the reactants molecule strongly enough to hold and ac-
tive the reactants but not so strongly that the product can’t
breakaway also the diffusion of reactants and products into
and out of the pore structure of copper took place efficiently.
Due to this, the pollution level for the exhaust emission of S.1.
engine has found to be reduced which is better with nano-
sized catalytic converter.

The idea behind the work is to create a structure that exposes
the maximum surface area of catalyst to exhaust stream, also
minimizing the amount of catalyst required. The exhaust gases
pass through a bed of catalyst and the catalytic action takes
place at surface of copper which is porous and the higher cata-
lytic activity towards the oxidation of carbon mono-oxide and
hydro-carbons could be due to the higher catalytic surface
area of small nano-particles. Air pollution can be remediated
using nanotechnology in several ways. One is through the use
of nano-catalysts with increased surface area for gaseous reac-
tions. Catalysts work by speeding up chemical reactions that
transform harmful vapors from cars and industrial plants into
harmless gases. The majority of the environmental pollution is
from the two-wheeler automobiles due to their large number.
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There are two methods of control of pollution namely, pre-
pollution control and post pollution control. This paper is
based on the post pollution control method in two-wheeler
automobiles using nano-particle as a catalyst. A study on
nano-particle reveals that the ratio of surface area of nano-
particle to the volume of the nano-particle is inversely propor-
tional to the radius of the nano-particle. So, on decreasing the
radius, the surface is to volume ratio is increased leading to an
increased rate of reaction and the concentration of the pollu-
tants is decreased. To achieve this objective, an innovative de-
sign of catalytic converter for two-wheeler automobiles is pro-
posed using nano-particle as a catalyst. The converter uses
two different types of catalyst, reduction and oxidation cata-
lyst. In the present work, the experimentation has been done
for a four stroke engine with and without catalytic converter
and the results clearly reveals that the emission level can be
reduced by the use of catalytic converter.

5 CONCLUSION

The idea behind the work is to create a structure that exposes
the maximum surface area of catalyst to exhaust stream, also
minimizing the amount of catalyst required. The exhaust gases
pass through a bed of catalyst and the catalytic action takes
place at surface of copper which are porous and the higher
catalytic activity towards the oxidation of CO and HC could
be due to the higher catalytic surface area of small nanoparti-
cles.

The proposed method is very effective in the prevention of
environmental pollution contributed from two-wheeler auto-
mobiles. It involves the use of copper nano-particle which is
cheaper than the platinum, palladium and rhodium nano-
particles used in automobiles. This paper opens a gateway to
study the changes in the concentration of exhaust emissions
due to the nano-material copper coating. The modeling will
help in understanding the mathematical nature of the process
and simulation will help in predicting the results with ease.
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Nomenclature:
CO - Carbon Monoxide
CC - Catalytic Converter
HC - Hydrocarbon
COWCC - CO emission in % with catalytic converter
COWOCC - CO emission in % without catalytic converter
HCWCC - HC emission in PPM with catalytic converter
HCWOCC - HC emission in PPM without catalytic con
verter
x - Load
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