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Gasoline & Gasoline Alcohol Blend And  Natural Gas as A Fuel
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Abstract: An experimental work was conducted to compare the effect of gasoline with that of
compressed natural gas (CNG) and gasoline alcohol blend on the performance and exhaust emission
characteristics of a petrol engine at steady state running. The study was based on the comprehensive
analysis of the large amount of data acquired through an extensive test program. Measurements were
made on a Fiat (1.30 liters), 50KW at 5700 rpm, 4-stroke engine. The test rig was furnished by a
computer controlled data acquisition system as well as all the instruments necessary for measuring
engine speed, power, torque, specific fuel consumption, in- cylinder pressure as well as exhaust
temperature and emissions of CO & HC and NOx. The analysis of the experimental data showed
improvements in the specific fuel consumption and exhaust emissions (reduction in CO, HC, and
NOx). The data also showed a decline in the output power when using CNG and an increase when
using ethanol gasoline blends.
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Nomenclature:
BSFC: Brake specific fuel consumption
CNG: Compressed natural gas
NG: Natural gas
A/F: Air to fuel ratio
HC: Unburned hydrocarbons
CO: Carbon monoxide
NOx: Nitric oxide and nitrogen dioxide mixture
S.I.E: Spark Ignition Engine

INTRODUCTION

Designing, developing and marketing "green" cars have not been an easy task. That is why gasoline
powered vehicles still rule the road and fossil fuels still account for almost 75 percent of the world¢s energy
consumption. As gasoline prices soar and concern over harmful emission mounts, cars that use alternative fuel
sources will become increasingly important. As we move forward toward a future with fewer petroleum
resources, we realize two important stratigies: we need to promote conservation of transportation fuels as
aggressively as possible, and we need to develop our alternative fuel options.

At present, researches on spark ignition engines using alternative fuels are widely enforced. More studies
are therefore required in this area. Natural gas is a typical pragmatic gaseous fuel for several reasons. First
and foremost is its availability, it does not require innovative technology and time to develop like other
alternatives. In addition, the reserves are vast and are also in a relatively high state of purity (Amann, 1989).

Alcohol has received lately much attention as an alternative to petroleum- based fuels. Alcohol has the
advantage that it can be produced synthetically from coal, wood, sugar cane charcoal and the fermentation of
municipal wastes. Bernhardt and Lee, (1974) found that the use of methanol results in increase of 10% of
engine power and efficiency and lower exhaust emissions of NOx. CO. and unburned hydrocarbons HC.
Annand et al (1980) studied the use of methanol as a fuel for S.I.E and found that it has a number of
attractions to be considered as a substitute or extender for petroleum based fuels.

As shown in the foregoing discussion, most of these investigations were concerned with methanol.
In Egypt, ethanol is considered as a bi-product for the national sugar industry. Therefore, it is more
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important to study the use of ethanol as a fuel in internal combustion engines and one of the future fuels to
share the efforts searching for alternative energy sources. The present study was motivated by these issues that
have direct practical and economical impacts.

The main objective of the present work is to quantitatively evaluate and compare the performance and
pollution characteristics of the gasoline, natural gas and ethanol- gasoline blend fuelled engine.

An erected test rig was used to evaluate the engine performance and exhaust emission characteristics. The
measurement precision allowed the application of advanced signal analysis procedures to the experimental data.
The test rig included, besides the engine and the Heenan hydraulic type dynamometer, all the instrumentation
necessary for engine performance evaluation and exhaust gas measurement. Standard commercial as well as
newly designed and manufactured measuring devices were fitted as needed. The test rig is also furnished with
a computer controlled data acquisition card for monitoring the slow varying parameters, and an off-line data
logger for recording the fast changing variables. Cycle and sampling trigger, Transistor Transistor Level, (TTL)
pulses are generated by magnetic pickups and electronic interfaces specially designed for this purpose. A
complete set of software for measurement, data recording and analysis were developed and successfully used.

Experimental setup:
Figure (1) gives a detailed schematic diagram of the test rig. The following table lists the parameters

measured at each marked location.

Measured Parameters at Different Locations
Loc. Parameter Loc. Parameter
1 Cylinder Pressure 7 Exhaust Contents
2 Dynamometer Reading 8 Liquid Fuel Flow Rate
3 Air Flow Rate 9 Spark Signal
4 Crank Angle 10 NG Flow Rate
5 Top Dead Center 11 NG Temperature
6 Exhaust Temperature

In addition to the conventional gasoline fuel system of the engine, a CNG conversion kit was mounted.
The components and connection of this kit are given in Fig.(2). The engine this way could be operated on
CNG, gasoline or ethanol-gasoline blends.

Fig. 1: Schematic of the Test Rig

Two magnetic sensors fixed opposite to the rim of a specially manufactured disk with 180 identical slots
were used for measuring the crankshaft angular position. The disk is mounted on the front of the dynamometer
driven shaft so that each sensor produces a nearly sinusoidal wave output every two degrees of crank rotation.
Engine speed is measured using a specially designed electronic circuit connected to the sample triggering
circuit. The Top Dead Center (TDC) of the first cylinder is sensed by means of a magnetic pickup fixed
opposite to an 8 mm thickness aluminum disk having a magnet glued inside a special slot at the disk
periphery. The aluminum disk is mounted on the rear end of the driven shaft of the hydraulic dynamometer.
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The angular position of the dynamometer pointer is transferred to a proportional voltage signal which is fed
to the on-line data logging system. The voltage signal is used as a direct indication of the dynamometer
resisting torque. Spark timing is detected by an electromagnetic field sensor (VAG 1367/5).

Fig. 2: Components and Connection of CNG Kit

RESULTS AND DISCUSSIONS

The analysis of the experimental results of using gasoline, compared to compressed natural gas and
gasoline–ethanol  blend  is discussed and showed the following:

3-1 Brake Power:
Figures (3 and 4) show that:
a) The maximum power drops when CNG is used. This is mainly due to the lower volumetric efficiency

and flame speed associated with the use of natural gas.
b) The maximum power increases when using 15 % ethanol – gasoline blend. This increase is mainly

attributed to the improvement in both volumetric and brake thermal efficiency and increase in the
stoichiometric fuel-air ratio.

3-2 Brake Specific Fuel Consumption "BSFC":
Figures (5&6 and 7) show that:
a) The BSFC is significantly lower when using CNG at low speeds. This is entirely due to the higher

heating value of NG (46000 kJ/ kg for NG and 43000 kJ/ kg for gasoline). The result presented agrees with
the findings formerly published by Evans et al and Eltantawy, (1995; 1999). 

b) The BSFC is higher when using 15 % ethanol – gasoline blend. This is mainly due to its lower heating
value (27000kJ/kg) despite the higher thermal efficiency it offers.

3-3 Brake Thermal Efficiency:
Figures (8 and 9) show the thermal efficiency as function of the engine speed and  power respectively.
a) The thermal efficiency of CNG is higher at low speeds but lesser at high speeds,  as compared to that

of gasoline. This may be related to the lower flame speed in NG – air mixtures and the improved vaporization
and mixing of gasoline with air at high engine speeds.
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b) The improvement in thermal efficiency when using 15 % ethanol – gasoline blend is attributed to the
higher latent heat of ethanol, compared to gasoline, which results in colder fresh charge. This may result in
a less pumping work loss than in case of pure gasoline.

Fig. 3: Brake Power of & 15% Ethanol-Gasoline Blend and CNG Relative to Gasoline as Function of Engine
Speed

Fig. 4: Comparison of Brake Power for Gasoline & 15% Ethanol-Gasoline Blend and CNG as Function of
Engine Speed

Fig. 5: Brake Sp. Fuel Consumption as Function of Equivalence Ration

Fig. 6: Brake Sp. Fuel Consumption of Gasoline Relative to 15% Ethanol-Gasoline Blend and CNG as
Function of Engine Speed
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Fig. 7: Comparison of Specific Fuel Consumption of Gasoline & 15% Ethanol-Gasoline Blend and CNG as
Function of Brake Power

Fig. 8: Comparison Between the Brake Thermal Efficiency of Gasoline & 15% Ethanol-Gasoline Blend and
CNG as Function of Engine Speed

Fig. 9: Brake Thermal Efficiency as Function of the Brake Power of Gasoline & 15% Ethanol-Gasoline Blend
and CNG

3-4 Volumetric Efficiency:
Figure (10) shows a comparison of volumetric efficiency for gasoline & 15% ethanol –gasoline blend and

CNG as function of engine speed.
a) The volumetric efficiency is lower when using CNG; the main reason is due to the larger volume

occupied by NG at the expense of air in filling the suction swept volume. 
b) The volumetric efficiency is slightly higher for 15% ethanol-gasoline blend and is believed to be due

to the cooling effect of ethanol. The higher latent heat of ethanol, compared to that of gasoline, extracts more
heat from the air charge and manifold walls to evaporate. This reduces the inlet charge temperature and
eventually increases its density.

3-5 Exhaust Gas Temperature:
Exhaust gas temperatures are significantly higher with gasoline than that of CNG or 15% ethanol-gasoline

blend but exhaust gas temperature of 15% ethanol-gasoline blend is slightly higher than that of CNG, (Fig.11).
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This is attributed to the higher amount of fuel burnt, higher BSFC, as mentioned in paragraph (3-2) above,
and thus the greater amount of heat evolved during combustion.

Fig. 10: Comparison of Volumetric Efficiency for Gasoline & 15% Ethanol-Gasoline Blend and CNG as
Function of Engine Speed

Fig. 11: Comparison of Exhaust Gas Temperature For Gasoline & 15% Ethanol-Gasoline Blend and CNG

3-6 Exhaust Emissions:
The exhaust emission characteristics presented in figures (12&13 and 14) show that:
a) Natural gas emits much less carbon monoxide (CO) over the entire range of engine operation. This is

owing to the fact that the combustion efficiency is better in natural gas than in gasoline, and so is the lower
relative weight of carbon. Meanwhile, 15 % ethanol –gasoline blend emits lower (CO) than gasoline does. This
is due to the higher volumetric efficiency and lower stochiometric A/F attained from ethanol. This is also due
to the oxygen content of ethanol molecule (C2 H5. OH). 

b) The emission of NOx is well known to increase with flame temperature, oxygen availability and the
residence time inside the combustion chamber. The data presented in the previous section showed that exhaust
temperatures and NOx emissions are significantly lower with CNG and 15% ethanol-gasoline blend throughout
the entire range of engine operation. This is due to the higher temperatures achieved with the combustion of
gasoline.

c) Less HC emission with CNG at all operating conditions. This may be due to the fact that at higher
engine loads, the temperature increases resulting in reduced quench layer thickness and enhanced oxidation and
hence lower HC levels. The slight higher HC emission of gasoline and 15% ethanol-gasoline blend is attributed
to the increased pressure achieved with gasoline combustion.

Fig. 12: Comparison of CO for Gasoline & 15% Ethanol-Gasoline Blend and CNG as Function of Engine
Speed at Full Load
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Fig. 13: Comparison of NOx for Gasoline & 15% Ethanol-Gasoline Blend and CNG as Function of Engine
Speed at Full Load

Fig. 14: Comparison of HC for Gasoline & 15% Ethanol-Gasoline Blend and CNG as Function of Engine
Speed all Full Load

Conclusions:
Using CNG or 15% ethanol-gasoline blend to power the SI engine has resulted in the following main

changes to the engine performance, comparing to gasoline-operated engines:
A decrease in maximum power and torque at all operating conditions for CNG and a slight increase for

15%ethanol-gasoline blend.
2. An increase in the brake thermal efficiency for 15% ethanol-gasoline blend. As for CNG, the thermal

efficiency slightly decreases at full load, and significantly improves at part loads. This is considered as
a major advantage because vehicles mostly operate at part loads throughout their service time.

3. A lower volumetric efficiency for CNG and slightly higher for 15% ethanol-gasoline blend.
4. A higher exhaust gas temperature for gasoline compared to CNG and 15%ethanol-gasoline blend.

Less exhaust emissions of CO, HC and NOx for CNG. But, for ethanol-gasoline blend less emission of
CO, NOx only is offered while HC level is unaltered. 
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