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ABSTRACT

The present work shows that the analysis of performance
using an Integrated development environment framework.
The recent world moves towards digitalization for every
activity in daily life as well as research. This work shows
digitalize internal combustion engine performance and
emission analysis by using the visual basic tools. The
experimental work carried out using lemongrass biodiesel
and diesel with 1-propanol fumigation. The engine operated
at six different loads and three different fumigation fuel
injection timings. The results were noted and mathematical
model generated based on the experimental results, from the
mathematical model the simulation tool can generated by
using the visual basic tools. In tool consists of two
performance parameters and six exhaust gas ranges can
predict by using this simulation tool. Finally, the tool value
compared with the experimental data the deviation of 1.8%
to -0.8% were found.
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1. INTRODUCTION

Internal combustion (IC) engine is a one of the most essential
devices in road transport. The development of IC engine
performance and emission is more important to the nation
and environment[1-3]. Internal combustion engine research
consists of three two important categories are performance
and emission[4,5]. Normally, brake thermal efficiency, and
specific fuel consumption are considered for engine
performance and unburned hydrocarbon, carbon monoxide,
carbon dioxide, nitrous oxide, and smoke are noticeable
exhaust gas pollution[6-8]. Most of the engine research
concentrates only on these two performance parameters and
six emissions. Two parameters such as Load and amount of
fuel supply act as a major role for engine performance and
emission. Therefore engine research consider for the
different load and different fuel supply system, it causes to
increase the human effort, cost, time, reduce the accuracy
[9]. The mathematical model is one of the smart ways to
predict the optimum combination of parameters which is
produced a higher performance and lower emission and sets
the optimum parameter combination for result comparison
[10, 11]. During the mathematical model, preparation is
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challenging and the prediction of optimum values also
complicates [12,13]. Complicate numerical model values
execute through the Visual Basic software is one of the
easiest ways to predict the optimum solution [14]. Moanes
and sameer reported that the solar power system by using
visual basic. The software offers a user-pleasant Graphic
Interface to magnitude the scheme system according to the
load necessities and site-specification. The outcome of the
design for the case reading is quite in agreement with the
analytical method, thus authorized the accuracy and
precision of the tool [15]. Ashokumar et al mentioned that
the tractor power and energy mapping. The software usage is
user friendly and more efficient in predicting. This might
help the researchers and engineers for the power and energy
calculation of new tractor and implement models [16-18].
NaveenKumar and Pandey narrated that the calculated most
favorable gear and throttle point for the most excellent fuel
economy for 32 kW tractor [19].

2. EXPERIMENTAL STUDY

Single-cylinder single-acting water-cooled diesel engine
used as test engine. The internal combustion engine can
evaluate two categories such as performance and emission.
During the engine test, so many parameters consider but all
the performance parameter used to calculate brake thermal
efficiency and nitrous oxide is a major pollutant in the diesel
engine. Therefore, brake thermal efficiency figure.1 and
nitrous oxide figure.2 only consider in an experimental
study.
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Figure 1: Brake Thermal Efficiency



Vijayakumar M et al., International Journal of Emerging Trends in Engineering Research, 8(8), August 2020, 4112 - 4117

In this engine, the research consists of six different loads,
and five different fuel combinations were considered. Each
fuel combination can investigate each and every load
condition. As per the experimental results, the fumigation
fuel can increase the engine performance (figurel) at the
same time it reduces the NO formation (figure 2). These
values consider as a base value to compare the numerical
simulation values.

3. MATHEMATICAL MODEL

Today the engineers may have numerous reasons to
calculate the numerical equation but the most important
reason is (i) To afford the system simulation, (ii) To develop
the optimization model and (iii) minimize the time and cost.
In general, sensible optimization and simulation have been
done with the assistance of a computer. In this study, the
numerical model was derived to simulate engine
performance and emission characteristics.
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Figure 2: Engine Exhaust Nitrous Oxide
3.1. Polynomial Representations

Polynomial representation is the majority noticeable and
more influential tool in a numerical simulation model. If Y
is a representation of the function X, the basic polynomial
form is,

Y 2

=8.O+8.1X+8.2X +

(3.1)

where, ao, a;, @ and a, are the constant values, The degree of
the equation is the peak exponent of x is n. Equation (3.1) is
appropriate for only one variable in terms of another. If
more than one variable unknowns like ay, a; and a, solved by
liner Equation (3.2).

2

Y =a.+a,X+a,X (3.2)

0 1 2
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The matrix form of Equation (3.2) is shown in Equation

(3.3)

XO Xg a0 Y0

2
X X|la =Y, (3.3
X2 XZZ az Y2

3.2. Second Order Polynomial Equation

In the Second degree used three data points, it considers xy
variable for the three known points able be substituted into
the general form for the quadratic equation which is shown
in figure 3 Stoecker (2011) [9]. In this work (Simulation) the
brake thermal efficiency depends on two autonomous
variables, such as load and mass of fuel injection in the
fumigation system. If a polynomial expression for the brake
thermal efficiency is required in terms of a second-order
degree equation in L (load) and f (mass of injection in
fumigation). The subsequent polynomial equation may be
formed for BTE of 1-propanol electronic mode fumigation
(three different injection quantity) at different load
conditions. Three different points on 1ms fumigation would
provide the constants in the Equation (3.4).
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Figure 3: Quadratic equations Stoecker (2011) [9]

_ 2
BTEl_a1+b1f +clf (3.4)

Similarly the Equations 6.5and 6.6 for the 3ms and 5ms

fumigation quantities are

BTE ., = f2

) (3.5)

a2+b2f +C,

2
BTE 3 f

3 (3.6)

=a +b3f+c

3

For that reason, the constants can be expressed as a second-
degree equation in terms of Load L, using the three data
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points (a;, 1ms), (a;, 3ms), (as, 5ms). Such an equation
would have the form (Equations 5.7, 5.8 & 5.9)

a=A1+A2L+A3L2 (3.7)
b_Bl+BZL+BSL (3.8)
c=C,+C.L+C,L? (3.9)

1 2 3

Finally, the constants value of Equations 7, 8 and 9 were

substituted put into the primary Equation 3.10.
2 2 3.10
|:BTE_{A1 +A2L+A3L2}+{[Bl +BL+B LT fH{IG +C L+C L] fz}i| (3.10)

where, A;, A2, A3, B1, B2, B3, C1, C2, and C3 are
constant values for 1-propanol. Similar way the equation
formed for SFC, HC, NO, CO, CO,, Smoke and O, The
derived equation of BTE, BSFC, HC, NO, CO, CO,, smoke
and O, are Equations 3.11, 3.12, 3.13, 3.14, 3.15, 3.16, 3.17
and 3.18 respectively.

BTE- {445+ (045*L) + (-237E—03L2) H{[1645+ (068FL) + (273 O)]* F}+

{1355+ (1082)+ GOE—3* L) 3}
(3.11)

BSFC {094+ (LLAE—2%1) +(BAE—5*L ) H{L10+(-29E2* 1) + (LEE—4* 1) F 1+

{BOE—2-+(44E—3*)+(32E—5* )13

(3.12)
HC={-485+(49 L) +(-003) 1{R57%(-653*L) +03 LA F}+
{1132-097*) +(-0231)f %

(3.13)

NO= {107+ (159 % L) + (-28* L2)1+{75+ (-866*L) + (085*L2)]* f}+

{[-944+ (833* 1) + (097 O)* 53
(3.14)

CO01 (A —3%1) + (L6E—5* ) P{ 191 (21E—2*1)+ GE-5+ ) 1+
2
(27 (AF—2%) +(2F—4* 1

(3.15)

€O, =25+ (1E-2*1) +(3E-5* %) 1+{[069+ (-Q09%L) + BE—4*L2)]* 1+
2.2
{D12+(014*L) + (-L3E-3*L)]* £}

(3.16)
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Smoke-{7+ (-062%L) + (49E —3* L) H+{ 281+ (L009*L) + (003 LO)]* F+
{B63+(10%1) + (6E—2* )] 13}

(3.17)

0, T3+ 66E-2"1)+(65E-5* 2 D62+ (DOF —2%1) + (-6 1E -4+ )+
2.2
{FO13+(A10°L) +(LOE-3*L)]*F }

(3.18)
4. IDE FRAME WORK

The numerical model produced many basic formulas and a
lot of constant values. Therefore, manual execution is not
possible to predict the exact values. The generated the
numerical formulas and execute them through the IDE
framework. Equations 3.11 to 3.18 are the basic equations
which were derived from the second-order polynomial
equation and utilized for numerical simulation. These
equations were executed through the visual basic 6.0
computer software. The visual basic form created for
individual fuel and respective equations makes coding in the
particular form. The sample coding of visual basic 6.0 shows
in Equation (3.19). Textl and text2 is an input of text 3
output. Text 1 is a load and text 2 is a fumigation mass flow
rate. The visual basic computer tool created with the
respective equation to simulate the engine performance and
emission parameters. The visual basic execution page for the
different load (20, 60, and 100% load) with 0.3kg/s mass
flow is shown in figures 4, 5, and 6 for the execution of 1-
propanol.

Text3Text=(4.45+ (0.45* (Val(TextL.Text)) + (—2.3E —3*Val(Textl.Text)
*Val(TextL.Text))))+ ((-16.4+ (0.68* (Val(TextL.Text))+ (—2.73E —3*Val(TextL.Text)
*Val(TextL.Text)) *Val(Text2 Text))+ (13.5+ (-0.82*Val(TextL.Text)) +
(5.09E —3*Val(TextText) *Val(TextL.Text)) *Val(Text2.Text) *Val(Text2.Text)))
(3.19)
This IDE frame work execute to produce two performance
parameters and six exhaust emission parameters in single
time input. The autonomous variable were consider as input
for the execution system.

ST

igre 4:Visual Basic Simulation page for 20%
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5. RESULTS

Important performance parameter brake thermal efficiency
and nitrous oxide and smokes are major pollutants diesel
engines consider for results and discussion. Figures 7 depict
the comparative analysis of experimental results with the
mathematical results with respect to the load. It is evidently
seen from figure 7 that the experimental results and the
mathematical results hold a close agreement with the
divergence in the range of -1% to 2.2%. This divergence
might be due to the investigational error including equipment
error and the environmental impact during testing.

Figure 8 depicts the comparative analysis of experimental
results with that of the theoretical results of 1-propanol
nitrous oxide with respect to load. It is clearly seen from
figures 8 that the experimental results and the theoretical
results hold a very close agreement with the deviation in the
range of 0.5% to -1.1%. This deviation might be due to the

d o ] £ ADgelt TN g
Figure 6: Visual Basic Simulation page for 100% load and
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experimental error including instrument error and the
environmental impact during testing.
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Figure 7: Comparison of mathematical results with the
experimental results of 1-Propanol smoke.

1000 4

800 —

. » " Ex

0 e Th

0 20 40 60 80
Load (%)

Figure 8: Comparison of mathematical results with the

experimental results of 1-Propanol smoke.
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Figure 8 depicts the comparative analysis of experimental
results with that of the theoretical results of 1-propanol
smoke with respect to load. It is clearly seen from figure 9
that the experimental results and the theoretical results hold
a very close agreement with the deviation in the range of
1.8% to -0.8%. This deviation might be due to the
experimental error including instrument error and the
environmental impact during testing.

6. CONCLUSION

In this present work, analysis of performance using IDE
framework more effective to predict the performance and
emission values. The following conclusions can be drawn
from the present work,

e Easy to predict the engine performance for different load
and different fuel injection

e FEasy to find out the optimum value of the engine and
easy to compare with other values
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Smoke (%)

Single page display entire engine exhaust emission with
respect load and mass of the fuel, it is very easy to
identify the which point initiate the maximum emission.
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Figure 9: Comparison of mathematical results with the
experimental results of 1-Propanol smoke.

This tool easy to find out the manual error and
instruments error because of the actual values deviation
rightly pointed out the errors

Finally this software save the human time and money

In this work provide evidence that IDE works more

efficient to produce the performance and emission values
with load and different fuel injection condition. This results

shows that further

research required on combustion

parameters to predict with a square equation or some other
methods.
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