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ABSTRACT: Spark ignition engine, SIE is a device that operates on an open thermodynamic cycle which is
used to convert the chemical energy of a fuel to mechanical energy for the purpose of power generation.
Emissions from this device have been found to be a major contributory factor to global warming due to
incomplete combustion and these have adverse effect on human’s life and properties. This study therefore
evaluated the performance parameters of SIE making full use of artificial neural network, ANN.

The effects of variation in the values of three operating parameters (engine-load, engine-speed and equivalence-
ratio) of SIE on the values of two performance parameters (Brake-mean-effective-pressure, BMEP and
Thermal-efficiency) were theoretically evaluated using Zeldovich mechanism and thermodynamic models for the
combustion process. A 4-stroke cylinder horizontal shaft SIE coupled to a 6.0 kVA alternator (electric
generator) was selected for the study and for proper loading of the engine; a locally fabricated electric load
simulator was used. Under varied conditions of operating parameters, BSFC, Brake-power, BP and Exhaust-
Gas-Temperature, EGT were experimentally obtained. The results were modeled for performance parameters
predictions using ANN tool implemented in MATLAB 7.9 environment. The operating parameters were
considered as the independent parameters while BMEP and Thermal-efficiency, were held as dependent
parameters. Analysis of Variance (ANOVA) was performed on the results to establish any significant
differences.

The theoretical results for maximum and minimum values of the five considered performance parameters
against the values for operating parameters; engine-speed, engine-load and equivalence-ratio are; BMEP
(357.0kpa, 3000rpm, 100%, 1.2) and (101.0kpa, 2000rpm, 0%, 0.8), thermal-efficiency (48.5%, 3000rpm, 0%,
0.8) and (19.5%, 2000rpm, 100%, 1.2)respectively. The results obtained for the effects in the variation of
engine-load and engine-speed values on BSFC, BP and EGT showed that the lowest BSFC value of 111.0g/kWh
was obtained at engine-speed of 3000rpm and engine-load of 0%. BP value peaked at engine-speed of 3000rpm
and engine-load of 100% with highest value of 5.7kW while lowest value of 4.3kW was obtained at engine-speed
of 4000rpm and engine-load of 0%. The highest value of 601°C was obtained at engine-speed of 4000rpm and
engine-load of 100% while the lowest value of 381°C was obtained at engine-speed of 2000rpm and engine-load
of 0%. The effects of variation in the values of the operating parameters on performance parameters of SIE
using ANN showed an improved result as ANOVA performed on its results and that of the experimental and
theoretical results showed no significant difference at p = 0.05 confidence level.

The study has revealed the effects of variation in the values of the selected operating parameters on
performance parameters of SIE using ANN. It also developed regression models which can be used to predict
the SIE performances without consuming much time.
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I. INTRODUCTION
Increased concern about rising fuel prices, limited petroleum supplies and greenhouse-gas emissions,
the call for more advanced, efficient and cleaner spark ignition engines, SIE for industrial and domestic usages
is louder than ever. The number of spark ignition engines (electric generators) in Nigeria is increasing every day
and the primary fuels which are used in these engines (gasoline and diesel) are derived from petroleum-based
crude oil. High energy costs and concerns about greenhouse gas emissions have been a motivation for the quest
for more efficient internal combustion engines. The need for efficiency improvements and low emissions put
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compression ignition engine (CIE) in the spotlight due to their already higher efficiency compare to Spark
Ignition Engines. According to Zoran (2013) the spark ignition engines manufacturing industries is going
through a period of rapid transformation. The impetus for innovation and development of advanced technologies
is created by recognition of energy supply and climate change challenges, as well as awareness of market
pressures and ever-increasing consumers’ expectations. However, researchers’ contributions to the field of
energy management include simulation studies using predictive modeling tools, theoretical analyses, advanced
experimentation and a combination of any of these. While high efficiency had been their primary focus,
emissions and environmental impacts also have to be considered and be given high priority. High efficiency
clean combustion strategies, such as homogeneous charge compression ignition (HCCI) and premixed charge
compression ignition (PCCI), have been widely investigated in light-duty diesel engines. These advanced
combustion strategies are of intense interest because they have the potential to significantly reduce engine
emissions of particulate matter (PM) and nitrogen oxides (NOx). Zhiming et al., (2012) noted that a typical
PCCI management strategy utilizes combinations of high exhaust gas recirculation (EGR), EGR temperature
control and modified fuel injection pressure and timing to create the necessary in-cylinder conditions for
achieving the required burn trajectory. Some studies have also focused on the best ways to manage transitions
between modes under transient conditions. Thus, integration of the engine management system in the
automation structure has been achieved using standardized Maximum Transmission Unit, MTU interface
modules. Evaluating SIE performance as related to exhaust gas system putting into consideration the
performance parameters becomes a necessity as this will assist in controlling engine operation, engine efficiency
and performance as well as extended the scope of applications to enhance a safer and conducive environment
that is free of pollutants and reduced intensity of ultraviolet rays.

I1. OBJECTIVES
The aim of this study was to evaluate the performance parameters of spark ignition engine using theoretical,
experimental ANN methods.
The specific objectives are:
i. To determine theoretically some selected performance parameters of Sl engine
ii. To determine experimentally some selected performance parameters of Sl engine
iii. To predict the performance parameters of SI engine using Artificial Neural Network (ANN)
iv. To model the results obtained through theoretical, experimental and ANN methods for speedy prediction of
the selected Sl engine performance parameters.

I1l. RESEARCH METHODOLOGY

In this work, theoretical evaluation, experimental evaluation, prediction of performance parameters
using ANN and statistical evaluation of SI engine were performed. The results of the theoretical evaluation and
experimental evaluation were then compared with the corresponding results from ANN prediction to validate
the accuracy of the results. In this work, theoretical analysis, experimental analysis, simulation using ANN and
statistical analysis of Sl engine were performed. For the purpose of theoretical analysis of SI operation, a two-
zone quasi-dimensional cycle model was used. The results of the model were compared with experimental data
to demonstrate the validity of the model.

Mean effective pressure
The cylinder pressure (AP) after the start of combustion changes due to the pressure rise, due to
combustion (AP.) and a pressure change due to the volume change (AP,).
AP = AP +AP, 1

As the crank angle (8) increases to its next value (9i ., ), the volume changes from V; to Vi.,, and

the pressure changes from P; to Pi.;. The pressure changes can be modeled by a polytrophic process with an
exponent K. substituting for AP, in eg. 3.11

Pi1—P; = AP, +Pi[(V‘_”—+f1)K - 1] 2
From which AP, can be evaluated:
8P = Py - Pi [ G | 3

The pressure rise has to be referenced to a datum volume for example the clearance volume (V) at tdc because
APcis not directly proportional to mass fraction burned since combustion process is not occurring at constant
volume.

AP = APcV;)V, 4
Where AP is the pressure rise due to combustion referenced to datum at V
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The end of combustion occurs after N increment when the pressure rise due to combustion
becomes zero. The reference pressure rise due to combustion is proportional to the mass fraction burned (mfb)
then,

1 N
(miv)= > AP,/ AP, 3.15
0 0

Combustion process modeling

The combustion chamber is divided into two zones which are the burned zone and the unburned zone.
The two zones are separated by a flame front.

The mass burning rate was modeled by equation 3.16:

— . pS
dt = Afl e T 3.16

The turbulent flame front speed (ST) was modeled by equation 3.17:

(“/e,)

ST =SL.f -
PGy 1] xmy 71

3.17

Where f is a turbulent flame factor defined by equation 3.18:
f =1.0.0018 x rpm 3.18

The heat interaction between the burned and unburned zones in the combustion chamber was modeled by
equation 3.19:

—d k (v,.B\°7
% =4 [0.26§ (”T> (T-T,)+ 0.69o(TfT;;)] 3.19

The gas pressure and temperature during the compression stage are calculated using equation 3.20 and 3.21

3.20

P.—
do ¢, do ' ¢, de

Zz [_(1 R)_ dv R dQ. R.tht]

B [

dT 1dp 1 av
( ) 3.21

-\ aetvae

The cylinder pressure and the temperature of burned and unburned zones was modeled using equations 3.22,
3.23 and 3.24

3.22

dﬁ — 1 . tht,u Vu . d_p _ 1 . dch,u
d6  N,.C,, df ' N,.C

0 ~P.C,, d8 P.C,, d0  P.C,,

T, P [dV (R.Tb R.T, MWb) dN, V,.R dP R  dQu. R de+V
d®  N,.R |de P P MW, e P

—] 3.23
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(Suvendu and Om Prakash, 2013)

A computer program was written to solve the thermodynamic models. Equations 3.20 to 3.24 were solved by the
Runge-Kutta method using MATLAB software.

Experimental Analysis

A 4-stroke cylinder horizontal shaft spark ignition engine coupled to a 6.0kVA alternator (electric
generator) was used to conduct the experiments. The engine was run on 100% petrol fuel. Some modifications
were made on the SI engine’s fuel supply line to allow fuel consumption (FC) and engine speed to be measured.
Table 1 shows the engine’s specification for the engine that was used.

Table 1: Engine Specifications

SIN Parameters Value
Maker Elepaq
Type Air cooled, Sl engine
Number of cylinder 1
Bore —Stroke (mm) 60 x 42 mm
Connecting rod 78 mm
Displacement 118 cm?
Clearance volume 10.05 cm®
Cycle Four stroke
Maximum speed 5500 rpm
Maximum torque 7.4 Nm
Maximum power 7.0 kW
Dimension 305 x 341 x 318 mm
Dry weight 13 kg

Materials and apparatus

The following materials and apparatus were used for the experiment in this research;
Elepaqg 6.0kVA electric generator

Hydra PT-110 Non-contact laser Tachometer
Locally fabricated electric load simulator
Burette

Retort stand

Fuel tank

Hose

Petrol fuel

Fuel tank stand

Stop watch

Thermocouple

Torque meter

Engine load

A locally fabricated electric load simulator was used in this section. This load simulator consist of
twenty nine different light bulbs of 200 W each and two light bulb of 100 W (total of 6.0kW) wired in parallel,
with every two bulbs sharing a switch, to allow easy loading and flexible testing. A schematic diagram of the
load simulator is illustrated in Figure 1.
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Engine speed
Five different engine speeds were considered (2000, 2500, 3000, 3500 and 4000) in this section. The actual
speed in rpm was measured by using a hand hold PT-110 Non-Contact Laser Tachometer.

Figure 1: Circuit Diagram of the Load Simulator

Specific fuel consumption
The fuel consumption was measured by using a calibrated burette and a stop watch. The amount of fuel
consumed for every two minutes was obtained and recorded. i.e.,

xml/2minutes = 1;—0 ml/s 3.25

Experimental procedures

The experiment set up that was used is shown in Figure 2. Before each set of data was taken, the engine
was allowed to run for about 20 minutes to warm up. Procedures for collecting each data point are as follows:
The engine speed was set at 2000rpm using tachometer to get the actual speed at zero (0%) loading condition
(Owatts). Then, fuel consumption per every 2 minutes, engine torque, exhaust gas temperature, ammeter reading
and voltmeter reading were measured and recorded. Engine load was then increased from Owatts (0%) to 6.0kW
(100%) in steps of 1.5kW (25%) and the above measurements were repeated. Engine speed was then increased
from 2000rpm to 4000rpm in steps of 500rpm and the above procedures were repeated.

Prediction of performance parameters using ANN

Investigation was made on the effect of varying three operating parameters on the performance
characteristics of spark ignition engines using different artificial neural networks. The operating parameters that
were varied are termed as input parameters while performance parameters are termed as output parameters.
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Figure 2: Experimental Set-up

Input parameters

The input parameters that were considered are:
(i) Engine load

(ii) Engine speed

(iii) Equivalence ratio

Output parameters

The output parameters are made up of two performance parameters. The parameters that were considered are:
i. Brake mean effective pressure (BMEP)
ii. Thermal efficiency (1)

The ANN model is
Ve =Tl Wi (2, Wy 1) 3.26
Where
v, = outputs of the ANN model
K = number of output
Ny = number of neurons in the hidden layers
H = number of hidden layers
W, = synaptic weights connecting the hidden layers with output
Wi; = synaptic weights connecting the inputs to the hidden layers
N = number of inputs
¢ = activation / transfer function
lj = Inputs to the ANN model

ANN prediction procedure

All the engine data patterns available from theoretical and experimental results were partitioned
randomly into three sets. 70% of the data was used for training the network, 15% of the data will be used for
validating the network and the remaining 15% of the data was used to test the network. Network training can be
made more efficient if certain preprocessing steps such as normalization are performed on the network inputs
and target outputs. Normalization step was applied to both the input vectors and the target vectors in the data set.
The network output was then reversed transformed back into the units of the original target data. Equation 3.26
shows the ANN model used in this work
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Several ANN parameters were investigated in details in order to get efficient network architecture for
the ANN model. The ANN parameters that were considered are:

Activation / transfer function: Three different activation functions (Purelin, Logsig and Tansig) which are the
most commonly used and most accurate activation functions available from literatures were investigated and log
sig was picked and used.

Number of hidden layers: One, two and three hidden layers were considered at several levels and at
different combinations using literature as guide.

Training function: Three different training functions trainlm (Levenberg — Marquardt algorithm),
trainrp (Resilient back propagation algorithm) and trainscg (Scaled conjugate gradient) were investigated using
literatures as guide and trainlm was picked and used in this work.

Number of neurons in the hidden layers: Several iterations at several levels using different
combinations of neurons were investigated in details after which 12 neurons, 8 neurons and 5 neurons in the
first, second and third hidden layers respectively gave the best result and was therefore used in this
work.Appendix A is the ANN code used for this study while appendix B is the ANN predicted results.

Statistical Analysis

All statistical tests shared the same principle which means that they compare the observed or predicted
results with an expected or actual value based on dataset used and come up with a so — called test statistic.

In this work, there were three sets of results, which are the theoretical, experimental and the ANN
predicted results. The best and most popular statistical methods for analyzing differences between two groups of
dataset is t-test and was therefore used in this work to test variance between (1) theoretical and ANN predicted
result and (2) experimental and ANN results.

The t-test gives an indication of the separateness of two sets of measurement and to check whether two
sets of data are essentially different. The typical way of doing these is with the null hypothesis that means of the
two sets of data are equal. The equation of t-test is given below:
t= _)(17+Z 3.27
Where
X = experimental or theoretical values
Xz = ANN predicted values
X; =mean of X,

X,= mean of X,
Var,= Variance = standard deviation squared (SD?) of X,
Var,= Variance = standard deviation squared (SD?) of X,
n = number of samples
t = t stat (calculated value of t)
Degree of freedom = (n; + n,) — 2
The null hypothesis is u; —p, =0
This indicate that there is no significant difference between the two means
The confidence level that was used is 95% = 0.05 level of significance
The criterion is: Reject the null hypothesis if
t stat > t critical
Where, t critical = t tabulated
Regression equations and R? values were also generated for the results using historical data design tool of
Design Expert 6.0.8. However, the data involved in this study were too voluminous to be analysed manually,
this made it necessary to employ the use of statistical software packages developed (SPSS 17.0) to assist in the
analyses of t-test to enhance speed and accuracy.

n

IV. RESULTS AND DISCUSSIONS

Theoretical Evaluation

The effects of variation in the values of three operating parameters of Sl engine on the values of two
performance parameters were evaluated in this section. Table 2 shows the theoretical results obtained in this
work. It can be seen from this table that BMEP peaked at engine speed of 3000rpm, engine load of 100% and
equivalence ratio of 1.2. The maximum BMEP value of 357.0kPa was obtained at engine speed of 3000rpm,
engine load of 100% and equivalence ratio of 1.2 while the lowest value of 101.6kpa was obtained at engine
speed of 2000rpm, engine load of 0% and equivalence ratio of 0.8. Thermal efficiency reduces with increase in
both engine load and equivalence ratio but peaked at engine speed of 3000rpm. The highest thermal efficiency
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of 48.5% was achieved at engine speed of 3000rpm while the lowest value of 19.5% was achieved at engine
load of 100%, equivalence ratio of 1.2 and engine speed of 2000rpm.

Table 2Theoretical Results
SIN  Load (%) Speed (rpm) Equivalence Ratio BMEP (kPa) Thermal Efficiency (%)

1. 0 2000 0.8 101.6 39.5
2. 0 3000 0.8 161.5 48.5
3. 0 4000 0.8 108.0 42.5
4. 50 2000 0.8 165.0 35.0
5. 50 3000 0.8 215.0 45.5
6. 50 4000 0.8 165.4 38.0
7. 100 2000 0.8 207.5 32.0
8. 100 3000 0.8 268.0 42.0
9. 100 4000 0.8 224.0 36.1
10. 0 2000 1.0 131.0 33.5
11. 0 3000 1.0 191.0 44.0
12. 0 4000 1.0 1375 37.5
13. 50 2000 1.0 1945 30.5
14. 50 3000 1.0 244.0 40.2
15. 50 4000 1.0 1935 35.0
16. 100 2000 1.0 24715 27.5
17. 100 3000 1.0 297.0 38.0
18. 100 4000 1.0 254.0 32.5
19. 0 2000 1.2 191.5 25.0
20. 0 3000 1.2 251.0 35.0
21. 0 4000 1.2 198.5 29.0
22. 50 2000 1.2 253.0 22.0
23. 50 3000 1.2 305.0 32.0
24, 50 4000 1.2 254.0 26.1
25. 100 2000 1.2 307.0 19.5
26. 100 3000 1.2 357.0 29.1
217. 100 4000 1.2 3145 27.0

The results obtained in this section may be due to the fact that the mean effective pressure peaks
slightly rich of stoichiometric (between equivalence ratio of 1.0 and 1.2). For lean mixtures, the theoretical fuel
conversion efficiency increases linearly as equivalence ratio decreases below 1.0 and products of combustion
will be at lower temperature. Thermal efficiency increases as equivalence ratio decreases provided the mixture
is not too lean.

Experimental Evaluation

The effects in the variation in the values of engine load and engine speed on brake specific fuel
consumption, BSFC and exhaust gas temperature, EGT were presented in Table 3 and evaluated in this section.
It can be seen from Table 3 that BSFC has minimum value at engine speed of 3000rpm and this value increase
with increase in engine load. Lowest BSFC value of 111.0g/kWh was obtained at engine speed of 3000rpm and
engine load of 0%. This result may be due to fact that engine friction increases rapidly above engine speed of
3000rpm leading to increase in BSFC.

Table 3: Experimental result
SIN Load (%) Speed (rpm) BSFC (g/kWh) EQT (°C)

1. 0 2000 118.5 381
2. 0 2500 116.5 427
3. 0 3000 111.0 433
4. 0 3500 116.0 457
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5. 0 4000 121.0 482
6. 25 2000 132.0 411
7. 25 2500 124.0 437
8. 25 3000 118.0 461
9. 25 3500 123.0 486
10. 25 4000 128.0 511
11. 50 2000 139.5 441
12. 50 2500 1315 466
13. 50 3000 125.5 441
14. 50 3500 130.5 517
15. 50 4000 135.5 541
16. 75 2000 147.5 471
17. 75 2500 139.0 496
18. 75 3000 133.0 421
19. 75 3500 138.0 546
20. 75 4000 143.0 571
21. 100 2000 155.5 501
22, 100 2500 146.5 526
23. 100 3000 140.5 551
24, 100 3500 145.5 576
25. 100 4000 150.0 601

This table also shows that exhaust gas temperature increases as both engine speed and engine load
increase. The highest value of 601°C was obtained at engine speed of 4000rpm and engine load of 100% while
the lowest value of 381°C was obtained at engine speed of 2000rpm and engine load of 0%. This result may be
because engine friction increases with increase in engine speed leading to maximum temperature at highest
speed.

ANN Evaluation

The effects of variation in the values of three operating parameters on two performance parameters of
Sl engine were presented and discussed in this section. The operating parameters of concern are engine speed,
engine load and equivalence ratio while the performance parameters considered are BMEP and Thermal
efficiency, Figure 3 shows the effects of engine speed and equivalence ratio on BSFC. This Figure shows that
engine speed of 3000rpm gives the lowest value for BSFC and the value increases before and after this speed for
all the equivalence ratios considered. From this figure, it can also be seen that BSFC increases as equivalence
ratio increases from 0.8 to 1.2. The lowest value of BSFC of 125g/kWh was achieved at equivalence ratio of 0.8
and engine speed of 3000rpm while the highest value of 165g/kWh was achieved at engine speed of 2000rpm
and equivalence ratio of 1.2. Figure 3 shows the effects of engine load and equivalence ratio on BSFC. From
this figure it can be seen that there exist a direct proportional relationship between BSFC and engine load, i.e.,
BSFC values increase as engine load increases from 0% to 100% for all the equivalence ratios considered. The
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lowest BSFC value of 105g/kWh was obtained at engine load of 0% and equivalence ratio of 0.8 while the
highest value of 160g/kWh was obtained at engine load of 100% and equivalence ratio of 1.2.
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Figure 4 may be due to the fact that as engine speed increase, both engine efficiency and engine friction
predominates at higher speeds above 3000rpm. Hence, highest net engine efficiency is obtained at engine speed
of 3000rpm. This trend is repeated for BP, BMEP and thermal efficiency.Figure 5, shows that engine speed of
2000rpm gives the lowest value for BP. The value obtained increase to maximum at 3000rpm and decreases
from 3000rpm to 4000rpm for different equivalence ratio considered. It can be seen from this figure that the BP
increases as the equivalence ratio increased from 0.8 to 1.2. The highest value of BP of 6.6kW was obtained at
engine speed of 3000rpm and equivalence ratio of 1.2 while the lowest value of 3.8kW was obtained at engine
speed of 2000rpm and equivalence ratio of 0.8. Figure 4.4 shows the effect of engine load on BP at different
equivalence ratio. From this figure, it can be seen that BP increase with increase in both engine speed and
equivalence ratio. The lowest BP value of 3.0kW was obtained at engine load of 0% and equivalence ratio of 0.8
and highest BP value of 6.0kW was obtained at equivalence ratio of 1.2 and engine load of 100%. The results
obtained may be because increase in engine load leads to increase in engine efficiency due to better combustion
which means that highest engine load leads to better combustion. Also, increasing engine load reduces the
relative importance of engine friction and heat transfer. This same trend is repeated for most of the performance
parameters considered in this study. Figure 6 shows that the values obtained for BMEP values peaked at engine
speed of 3000rpm for all the equivalence ratios considered. Also BMEP values increase as equivalence ratio
increased from 0.8 to 1.2 for different engine speeds considered. The highest BMEP value of 356.7kPa was
obtained at equivalence ratio of 1.2 and engine speed of 3000rpm while the lowest value of 216.7kPa was
obtained at equivalence ratio of 0.8 and engine speed of 2000rpm. Figure 7 shows that increase in engine load
leads to increase in BMEP for the entire equivalence ratio considered. Highest
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BMEP value of 313.3kPa was obtained at engine load of 100% and equivalence ratio of 1.2 while the
lowest value of 166.7 kPa was obtained at engine load of 0% and equivalence ratio of 0.8. Figure 4.7 shows the
effects of engine speed and equivalence ratio on thermal efficiency. It can be seen from this figure that thermal
efficiency reduces as equivalence ratio increases from 0.8 to 1.2 and that the values of thermal efficiency peaked
at engine speed of 3000rpm for all the equivalence ratios considered. The highest value of 42% was obtained at
equivalence ratio of 0.8 and engine speed of 3000rpm while the lowest value of 18% was obtained at engine
speed of 2000rpm and equivalence ratio of 1.2. The highest percentage increase of 33% in thermal efficiency
was obtained when equivalence ratio reduces from 1.2 to 1.1. Figure 4.8 shows that thermal efficiency reduces
with increase in engine load for all the equivalence ratio considered. The highest value of 42% was obtained at
engine load of 0% and equivalence ratio of 0.8 while the lowest value of 22.5% was obtained at engine load of
100% and equivalence ratio of 1.2. This indicates at the instance that there exist an inversely proportional
relationship between thermal efficiency and engine load for all the considered equivalence ratios.
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Statistical Evaluation
In this section ANN predicted results were compared with their corresponding results obtained from theoretical
and experimental evaluations using t-test for two samples assuming unequal variances.

t-test for ANN and theoretical results

Table 4.3 shows the summary of t-test results obtained during comparison of ANN with theoretical
results. From this table, it can be seen that for BMEP t stat value of 0.1083186 is less that t critical (two tail)
value of 1.9627654 hence, the null hypothesis is accepted. For thermal efficiency, p(two tail) value of
0.9828987 is greater than the significance level of 0.05. This indicates that there is 98% chance that there is no
significant difference between the two sets of results; hence the null hypothesis is accepted. It can be seen from
this table that for the two parameters p-value is much greater than 0.05 and t stat is less than t critical (two tail).
Hence owing to these, the null hypothesis which states that there is no significant difference between the
corresponding results is accepted for the two parameters considered.
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Table 4: Summary of t test for theoretical results against ANN predicted results

SIN Parameter t stat t critical (two-tail) P (two tail) a Comment
1. BMEP 0.1083186 1.9627654 0.9137685 0.05 No Significant
difference
2. Thermal 0.0214411 1.9627654 0.9828987 0.05 No Significant
Efficiency difference

t test for ANN and Experimental Results

Table 4.4 shows the summary of t test results obtained when ANN predicted results are compared with
their corresponding experimental results. It can be seen from this table that for BSFC, t stat is -0.0084741 which
is less than t critical (two tail) value of 1.9627654 and p (two tail) value of 0.9932406 is much greater than 0.05
significant level hence, the null hypothesis is accepted. For BP, p (two tail) value of 0.9382252 is greater than
0.05, this indicates that there is no significant difference between the two sets of results. EGT has t stat value of
0.1798377 which is less than t critical (two tail) value of 1.9627687 hence, the null hypothesis is accepted.
Considering the table, it could be deduced that, at the overall the null hypothesis is accepted for all the three
parameters considered.

Development of predictive models for the selected engine performance parameters using Design Expert
Software
Response 1: BMEP

In order to describe the variation of this response, BMEP with independent variables and to test for its
adequacy, the design programme suggested a quadratic model. The Model F-value of 1058.79 means the model
is significant (Table 4.5). There is only a 0.01% chance that a "Model F-Value" this large could occur due to
noise (Oladapo and Akanbi, 2015; Onawumi et al., 2016). Values of "Prob > F" less than 0.0500 indicate model

terms are significant. In this case A, B, C, B2, C2 are significant model terms. Values greater than 0.1000
indicate the model terms are not significant. If there are many insignificant model terms (not counting those
required to support hierarchy), model reduction may improve the model. The "Pred R-Squared” of 0.9951 is in
reasonable agreement with the "Adj R-Squared” of 0.9973 (Table 4.6). The ratio of 123.748 indicates an
adequate signal. This model can be used to navigate the design space (Aremu et al., 2014; Onawumi et al.,
2016).

Table 5: Summary of t test for experimental results against ANN predicted results

SIN Parameter t stat t critical two-tail P (two tail) o Comment
1. BSFC -0.0084741 1.9627654 0.9932406 0.05 No Significant
difference
2. BP 0.0775236 1.9627654 0.9382252 0.05 No Significant
difference
3. EGT 0.1798377 1.9627687 0.8573229 0.05 No Significant
difference

Table 6: ANOVA for response surface quadratic model (BMEP)

Source Sumof Squares DF Mean F-Value Prob > F
Square
Model 1.106E+005 9 12289.60 1058.79 <0.0001 Significant
A 56101.33 1 56101.33 4833.33 < 0.0001
B 143.37 1 143.37 12.35 0.0027
C 36946.68 1 36946.68 3183.09 < 0.0001
A? 17.45 1 17.45 1.50 0.2368
B? 16051.13 1 16051.13 1382.86 < 0.0001
c? 1325.12 1 1325.12 114.16 < 0.0001
AB 9.36 1 9.36 0.81 0.3816
AC 6.90 1 6.90 0.59 0.4513
BC 5.07 1 5.07 0.44 0.5175
Residual 197.32 17 11.61
Cor Total 1.108E+005 27
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Table 7: Model estimation result

Response BMEP Thermal Efficiency HC Emission CO Emission NOx Emission
R-Squared 0.9982 0.9953 1.0000 1.0000 0.9867
Adj- R-Squared 0.9973 0.9929 1.0000 1.0000 0.9796
Pred R-Squared 0.9951 0.9867 1.0000 1.0000 0.9692
Adeq Precision 123.748 78.751 1449.729 3499.902 42.610
Std. Dev. 341 0.61 0.72 1.44 4.66
Mean 219.91 34.17 579.14 2236.11 222.29
C.V. 1.55 1.79 0.12 0.064 2.10
PRESS 544.45 18.12 23.78 68.69 853.23

Other responses were further analysed following the same processes and the results are as presented in Tables 6
and?.

Presentation of model equations for performance characteristics

All the model equations are given in terms of coded factors and the input parameters are as stated below for all
the equations;

A = Load (%),

B = Speed (rpm),

C = Equivalent ratio and

E = Exponential function

Response 1: BMEP (kPa)

BMEP = +245.62 + 55.83*A + 2.82*B + 45.31*C - 1.71*A2 - 51.72 *B2 + 14.86* C2 + 0.88*A*B +
0.76*A*C - 0.65*B*C

Response 2: Thermal Efficiency (%)

The model equation is given as:

Thermal Efficiency = +40.26 - 2.82*A +2.18*B - 6.36*C + 0.53*A2 - 7.80*B2 -  1.87*C2+
0.47*A*B + 0.58 *A*C + 0.46*B*C

Table 8:Design data for performance parameters
Study Methodology: Response Surface Experiments:27
Blocks: No Block

Initial Design: Historical Data
Design Model:  Quadratic

Response Name Minimum Maximum Unit Trans Model
1 BMEP 101.6 357.0 kPa  None Quadratic
2 Thermal Efficiency 19.5 48.5 % None  Quadratic

V. Conclusion
This study investigated the effects of three operating parameters on two performance parameters of Sl engines
using theoretical, experimental and ANN methods. The following conclusions can be drawn based on the
various results obtained in this work;
i. Engine speed of 3000rpm gave the peak value for most of the Sl engine parameters investigated in this
study and these values decreased before and after this speed.
ii. All of the SI engine parameters investigated in this work except thermal efficiency increased with increase
in engine load with highest value obtained at maximum load of 100%.

Recommendations
The following recommendations are made for further studies;
i. Compression ignition, Cl engines should be investigated using the same methods.
ii. The performance parameters investigated should be increased to include gas exchange processes, cooling
system and lubricating system.
iii. The effect of heat transfer on thermal efficiency of Sl engines should be investigated.
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