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ABSTRACT

An ever increasing demand of fuels has been a challenge for today’s scientific workers. In view of the fast
depletion of fossil fuel, the search for alternative fuels has become inevitable, looking at huge demand of diesel for
transportation sector, captive power generation and agricultural sector, the biodiesel is being viewed a substitute of
diesel. Biodiesel seem to be a solution for future. This study deals with mathematical modeling of a diesel engine
using mineral diesel and pongamia biodiesel blends (PB10 and PB20) as fuel to predict the brake thermal
efficiency, specific fuel consumption and exhaust emissions of the engine. The engine’s performance and emission
characteristics under various loads and blends of fuel were measured using a single cylinder, 4 stroke computerized
diesel engine with data control and acquisition system. The results of the experiment in each case were used to
model the performance and emission parameters. Multivariate non linear regression analysis is carried out in
Minitab 16 to model the performance and emission parameters. Predicted values were compared with experimental
data.

INTRODUCTION

An ever increasing demand of fuels has been a challenge for today’s scientific workers. The fossil fuel
resources are dwindling day by day. Biodiesel seem to be a solution for future. Using straight vegetable oil in diesel
engines is not a new idea. Dr. Rudolf Diesel first used peanut oil for demonstration of his newly developed
compression ignition (CI) engine in year 1910. Later with the availability of cheap petroleum, crude oil fractions
were refined to serves as ‘diesel’, a fuel for CI engines. During the period of world war-Il, vegetable oils were
again used as fuel in emergency situations when fuel availability became scarce. Now days, due to limited
resources of fossil fuels, rising crude oil prices and increasing concerns for environment, there has been renewed
focus on vegetable oil and animal fats as alternative to petroleum fuels. In India only non edible oil can be used as a
raw material for biodiesel production. Due to pressure on edible oils like groundnut, rapeseed, mustard and soybean
etc. non-edible oil of jatropha curcas and karanja (Pongamia Pinnata) are evaluated as diesel fuel extender.

Pongamia Pinnata: Pongamia pinnata which can grow in arid waste land. The oil content in pongamia seed is
around 30-40%. India has about 80-100 million hectares of waste land, which can be used plantation of pongamia
and others. The biofuels can be suitably converted into biodiesel using methyl/ethyl alcohol through a process
called trans esterification. In this process the density of the biofuels are brought down to that of diesel so that it can
be easily blended and other properties like viscosity are also changed to meet the requirements. Properties of
mineral diesel, PB10 and PB20 are listed in Table 1.

Table 1: Properties of fuels

Properties Diesel | PB10 | PB20

Density at 25 0.832 | 0.836 | 0.847

Calorific Value (KJ/kg) | 44000 | 42600 | 41500
Flash Point () 60 68 75

Regression Modeling: Regression analysis is a statistical method for estimating the relationships among variables.
It includes many techniques for modeling and analyzing several variables, when the focus is on the relationship
between adependent variableand one or moreindependent variables. Regression analysis is used
for prediction and forecasting. In this work multivariable nonlinear regression is carried out using Minitab 16
software to predict the engine performance and emission parameter. Gauss-Newton algorithm is selected to solve
the equations.

In this work exponential and power model equations are selected for regression modeling. These non-linear
equations can be put into a linear form by appropriate transformations of the either the dependent variable Y or
some (or all) of the independent variables X1, X2,..., Xn. This leads to the wide utility of the linear model.
Exponential model and power model equations and their linear form are given in egn. (1) and eqgn. (2).
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Exponential model equation,
y: e B0 + Blx1+ B2x2+ B3x3+... ___(1)

Linear form Y = Bot+ B1Xi+ BaXot BaXst...
Here, Y =Iny, Xi= X1, Xo= X2, X3= X3

Power model equation,
y = ax’ —-(2)
Linear form: Iny=Ina+blnxor Y =0
+ B1X
Here, Y =Iny, X=Inx, Bo=In a, B1=b.
EXPERIMENTAL SETUP

The test rig used in this study is kirloskar single cylinder variable compression direct injection four stroke
Diesel engine. The specifications of the engine are listed in Table 1. A schematic diagram of the test engine rig may
be seen in Fig.1. The engine is loaded by an eddy current dynamometer. A computerized data acquisition system is
used to collect all engine data and store it in a computer for off line analysis.

The data acquisition system collects the following parameters: engine speed, torque, fuel flow rate, air flow
rate, and coolant flow rate, temperature of air/coolant/exhaust gas before EGR cooler/exhaust gas after EGR cooler,
cylinder pressure data and crank angle degrees. A computer software Engine Test Express V20.25 is used to collect
the data and manage the system. The engine was run by using plain diesel and pongamia biodiesel blends (PB10
and PB20). The emissions like CO, NO are measured in the Endee portable gas.
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Fig. 1 Experimental Setup
Table 1: Specifications of the Engine

Type Single cylinder direct injection VCR engine

Make Kirloskar
Bore 80mm
Stroke 110mm

Speed 1500 rpm

Cooling System Water Cooled
Compression Ratio 17
Fuel Injection Timing (Degree) 23 BTDC

RESULTS AND DISCUSSION
Brake Thermal Efficiency: The nonlinear regression equation to predict the brake thermal efficiency (BTE)
in terms of load (W), heating value (CV) and fuel density of fuel is given in egn.3.
In (BTE ) = 44.3 + 0.506 In (load) - 4.03 In
(CV) - 8.8 In (fuel density) ---- (3)

The thermal efficiency of an engine depends on the speed, load, heating value of the fuel and EGR
rate. The regression coefficient (R-Sq.), adjusted regression coefficient (R-Sq (adj)) and standard error of estimate
(SEE) for predicting equations were given in Table 2.

In the above equation 3 the load and heating value of fuel having larger influence on predicting BTE
of the engine. Fuel density has very less influence on BTE. The BTE of the engine operated with diesel is slightly
higher than blended fuel. This may be due to lower heating value of the biodiesel blend. Fig. 2 indicates the
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measured and predicted brake thermal efficiency of diesel (DM-Diesel Measured and DP-Diesel Predicted), PB10
(PB10M-PB10 measured and PB10P-PB10 predicted) and PB20 (PB20M-PB20 measured and PB20P-PB20
predicted).
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Fig. 2 Measured and Predicted BTE of Diesel, PB10  Fig. 3 Measured and Predicted SFC of Diesel, PB10
and PB20 and PB20

Specific Fuel Consumption: The nonlinear power model regression equation to predict the Specific Fuel
Consumption (SFC) in terms of load (W), heating value(CV) and fuel density of fuel is given in equation (4).
In (SFC) =-32.9-0.506 In (load) + 3.18 In

(CV)+ 10.4 In (fuel density)  ---- (4)

The specific fuel consumption of an engine depends on the speed, load, heating value of the fuel
and EGR rate. Load applied is having more influence on specific fuel consumption. The comparison of measured
and predicted SFC for diesel, PB10 and PB20 blend is shown in Fig.3. It may be noted from the figure that the
difference between predicted and measured SFC is negligible.

Nitric Oxide (NO): The oxide of nitrogen emission of an engine is determined by peak combustion
temperature, pressure and oxygen concentration . The NO emission for each mode in terms in terms of load (W),
heating value (CV) and fuel density of fuel is given in equation (5).
In (NO) =-10.8 + 0.119 Load + 0.000198 CV +

6.1 fuel density - (5)

The load and heating value on the engine was more influencing on predicting NO emission. The comparison of
measured and predicted SFC for diesel, PB10 and PB20 blend is shown in Fig.4. The NO emission for PB 10 and
PB20 is less compared to diesel fuel in all loads. This may be due to lower heating value of biodiesel blend which
lowers the temperature inside the cylinder.
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Fig.4 Measured and Predicted NO of Diesel, PB10 Fig.5 Measured and Predicted CO of Diesel,
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Carbon Monoxide (CO) emission: The CO emission of an engine depends on oxygen content and temperature of
the combustion chamber. The nonlinear regression equation for predicting CO emission is given in equation (6).
In (CO) =-32.7 + 0.105 Load + 0.000269 CV +

225 fuel density - (6)

In this statistical analysis R? value of CO is 87.1% which is not adequate. The comparison of measured and
predicted CO emission for diesel and PB20 blend is shown in fig.8 and fig.9. The CO emissions for biodiesel
blends are lower than diesel. This is because of the higher oxygen content of the biodiesel which improves the
combustion of blended fuel.
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Table 2 Statistical results of predicting Equations

R? | Adj R?

% % SEE
BTE 95.20 | 93.30 | 0.072576

BSFC 95.50 | 93.80 | 0.069065
NO 98.90 | 98.60 | 0.055624
CO 87.10 | 75.20 | 0.228655

Parameter

CONCLUSION

The experiments were conducted in a single cylinder direct injection diesel engine using diesel pongamia
biodiesel blends (PB10 and PB20) as fuel. Based on the measured data, multiple non-linear regression equations
were formed to predict the performance, emission characteristics of the diesel engine. Statistical analysis of these
equations gives R? and adj. R? almost nearer to 0.96 except CO. The standard error of estimate for brake thermal
efficiency, specific fuel consumption, NO and CO are 0.072576, 0.069065, 0.055624 and 0.228655 respectively.
To validate this model, measured and predicted parameters are compared. These equations can be used to get
information on performance and emission and characteristics using diesel and pongamia biodiesel blends without
any expenses for experimentation.
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