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Experimental Study of Performance and Emissions of
Fusel Oil-Diesel Blend in a Single Cylinder Diesel Engine
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Abstract—In order to reduce the dependency on fossil oil
energy resources, the using of several energy resources in
compression-ignition engine has been the target of attention of
researchers. The major renewable alternative combustible
species are methanol, biogas, ethanol, biodiesel, and hydrogen.
Fusel oil is a by-product of bioethanol production during the
fermentation process present one of the new alternative fuels
for compression-ignition engine. The aim of this work is to
experimentally investigate the effect of fusel oil —diesel blending
on performance and emission in single cylinder compression
ignition engines. The test achieved under 25 % engine load at
five-engine speed 1200 to 2400 rpm with intervals of 300 rpm.
The experimental results revealed that the engine indicted
power and torque slightly decrease for F,0 compared with pure
diesel, and the increment was happened in fuel consumption.
Although diesel fuel yields, the highest volumetric efficiency and
exhaust temperature. Moreover, the results showed CO, and
CO were increased while the NOx emissions decrease
with the use F,0. All the negative effects that happened in
power and torgue was because of the water content, low heating
value, low cetane number for fusel oil.

Index Terms—Fusel oil, NOx emissions, single cylinder
engine, alternative fuels, engine performance.

l. INTRODUCTION

Research on alternative renewable fuels has become quite
important worldwide due to anxieties about the impacts of
conventional fuel usage on global warming. Alternative fuels
can be obtained from the renewable material such as waste
agriculture and can offer decrease of conventional fuel
consumption [1]. Current diesel engines demand a clean
burning, stable fuel that performs well under a variety of
operating conditions. The attention to utilizing renewable and
alternative fuels in internal combustion has been accelerated
recently according to a rapid decrease in crude oil reserves,
growth in the costs of the fossil oil fuels and restrictions on
exhaust emissions from internal combustion (IC) engines
triggered by environmental concern. NOx emissions from the
ignition combustion engine related with many reasons such
as engine operating conditions and fuel properties. It is
known that the thermal NOx emissions are linked to higher
in-cylinder temperature and prompt NOx with CH of fuels.
The idea of using alcohols as a means of producing cleaner
diesel engines was introduced over 50 years ago. Also, there
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several studies achieved with alcohols as pure, blended and
additive with diesel in compression-ignition (CI) engines
with diesel [2]-[4] Important research that achieved with
methanol-diesel and ethanol-diesel blends on the
performance and emission of diesel engines.

Hulwan et al. [5] performed the test on direct injection (DI)
diesel engine and blends of ethanol, diesel, and biodiesel. As
results, the brake specific fuel consumption increased
considerably, thermal efficiency enhanced slightly, smoke
opacity decreased especially at high loads. NOx variation
released with operating conditions while carbon dioxide CO
emissions drastically raised at low loads

Jincheng, et al. [4]. The used various amount of ethanol
blending with diesel and they study the effect of this fuels on
performance and emission of a diesel engine. As a result, the
torque, power, and thermal efficiencies decreased as well the
NOx emission decreased. While the CO and HC increased
compared with diesel.

Fusel oil is a by-product of alcohol production with
fermentation through the distillation process and [7]-[9].
Fusel oil has the appearance of an alternative fuel for use in a
spark ignition engine, The composition and amount of the
fusel oil depends on the type of carbon used in the alcohol
production, fermentation process, preparation method, and
decomposition method of the fusel oil in the mixture [10].
The use of fusel oil as an alternative fuel may be accepted as
a new energy source in diesel engines. However, the study of
using fusel oil with diesel is not be found in literature but
there are limited studies achieved with gasoline in spark
ignition engine. In this study that achieved on single cylinder,
diesel engine with five different speed and half load 25 %,
was used to determine the influence of the blends of fusel
oil-diesel F,0 on engine performance, emission and
compared with pure diesel. The effects of test fuels on,
engine power , torque, specific fuel consumption, exhaust

temperature, In-cylinder pressure thermal efficient
emissions were examined.
TABLE I: THE PROPERTIES OF TEST FUELS

fuel properties Diesel Fusel oil F,0

Density [kg/m3] 746 847 761

higher heating value 475 30 4212

MJ/kg

Cetane Number 46 - 38

Water content % - 135 0.88

Il. EXPERIMENTAL SET-UP

This study has been conducted at single cylinder diesel
engine YANMAR TF120 with 0.63 L and 17.7 Compression
ratio with Hydrome model HGP-3A-F23 dynamometer. The
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exhaust gas analyzer also included in the engine test bed and
the specification and valve timing of the engine is tabulated
in Table Il and Table IlIl. The schematic diagram of the
engine test bed is shown in Fig. 1.The data was collected by
TFX Engineering, which consists of the in-cylinder pressure
sensor, and crank angle sensor was used to collect data during
the engine testing. The parameter outputs that produced were
engine power, torque, in-cylinder pressure, exhaust
temperature and maximum combustion temperature. The
temperature measured by a K-type thermocouple and the
temperature readings were displayed via data logger. By
using this device, the temperatures that can be measured are
including intake temperature, exhaust temperature, and
ambient temperature. The experimental contacted with five
speeds from 1200 rpm to 2400 rpm with intervals of 300 rpm
and engine load 25%. The test achieved with pour diesel FO
and fusel oil diesel blend F,0 (20% vol fusel oil and 80% vol
diesel ). The properties of F,0 and F100 (fusel oil ) shown in
Table | have been measured at the chemical laboratory of
UMP. The tests achieved under steady state conditions and
first started with pure diesel to get the base data of the engine.
The engine power, torque, fuel consumption (FC), exhaust
temperature, volumetric efficiency and emissions (CO,, CO
and NOXx) have been measured in the experiment.
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Fig. 1. Schematic view of experimental setup of Yanmar TF 120.

TABLE IT: VALVE TIMING

Position Crank angle degree (9
Intake valve opens BTDC 6

Intake valve closed ABDC 35

Exhaust valve opens BBDC 38

Exhaust valve closed ATDC 7

I1l.  RESULTS AND DISCUSSION
As mentioned above, the study tests were achieved on in

single cylinder engine using pure diesel FO (100 %vol diesel )
and F,0(80%vol diesel and 20%vol fusel oil ). The engine
power, speeds, torques, fuel consumptions and volumetric
efficiency were measured. The engine emissions (CO), (CO,),
(NOx) emissions, engine temperature and In -cylinder
pressure were analyzed. The results are shown as follow.

TABLE Il1: ENGINE SPECIFICATION

Description Specification
Engine model YANMAR TF120
Engine type Horizontal, diesel 4 stroke cycle

Combustion system Direct injection

Number of cylinders 1
Bore x Stroke (mm) 92 x 96
Displacement (L) 0.638
Length: 776
Dimensions (mm) Width: 379.5
Height: 621
Injection timing 17°BTDC
Fuel injection pump Bosch
Injection pressure (kg/cm?) 200
Compression ratio 17.7

Continuous output (HP) 10.5 HP at 2400 RPM

A. In-Cylinder Pressure and Performance

Fig. 2 shows the different in-cylinder pressures for fusel oil
F,0 and diesel FO at 25 % engine load through five-speed
1200 to 2400 with intervals of 300 rpm. All engine
performance and emission especially thermal nitrogen oxide
(NOX) related with in-cylinder pressure. The Fig. 2 present
10 in-cylinder pressure cycles plotted by 3D besides all the
first cycle presents fusel oil (F,0) and another one present
pure diesel. At almost the pressure of diesel slightly higher
than F,0.

The difference of engine torque and power depending on
using of fusel oil-diesel blend and pure diesel at five engine
speeds and 25% engine load are described in Fig. 3 and 4 .
The engine power and torque have increased at all engine
speeds. Despite the low heating value of F,0 proportion to
diesel, it has seen that the torque and power have slightly
decreased with pure diesel(F0).The similar results of
decreased power and torque were achieved by using biodiesel
[6], [7] and ethanol [8]. The oxygen content of fusel oil
represents one of the main reason to improve the in-cylinder
combustion reactions, despite the higher water content
(13.5%) of fusel oil and lower heating value. Also the water
content one of the reasons that lead to worse combustion and
increased the heat loss Thereby. As a result the power and
torque decreased [9]. The maximum engine power and
torques have measured at 2400 rpm were 5.3kw and 21.5 Nm
for F,0 and F,0 respectively.
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B. Volumetric Efficiency and Fuel Consumption

During the engine speed increases, the energy driven into
the cylinder increases. The low heating value of fusel oil (30
MJ/Kg) compared to pure diesel (FO) (47.5MJ/Kg) led to
decreased the heating value of fuel test (F,0) as shown in
Table I. Despite the low heating value of F,0 proportion to
diesel, it has seen that the torque and power have slightly
decreased with pure diesel (FO). The difference of volumetric
efficiency and fuel consumption of F,0 and pure diesel at five
engine speeds and 25% engine load are shown in Fig. 5 and 6.
At all speeds, the volumetric efficiency of F,0 higher than

0
Fig. 2. Differences in cylinder pressure for F,0 and Diesel at five engine speeds.
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diesel thereby that lead to explain the increase in fuel
consumption. Furthermore, the latent heat of evaporation of
alcohol based fuels is higher than diesel that permits lower
manifold temperatures and higher volumetric efficiency [10],
[11]. The heating value of fusel oil results in raised fuel
consumption but the thermal efficiency is not affected
significantly.
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C. Emissionand Exhaust Temperature.

The variation of exhaust temperature with different engine
speeds for F,0 and diesel FO is presented in Fig. 7. Besides all
the first cycle presents the in-cylinder temperature for fuel oil
(F,0) and another one present pure diesel. At almost the
temperature of diesel slightly higher, than F,0.Furthermore,
the maximum temperature measured at 2400 rpm for diesel,
which was 340 C while for F,0, was 300 at the same speed.
The high oxygen content of fusel oil must lead to the higher
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in-cylinder temperature in the combustion chamber
according to its higher latent heat of evaporation, but the high
water content caused worse combustion, which results in less
torque, and power compared diesel fuel
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Fig. 7. Comparison temperature for diesel and F0.
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D. Engine Emissions

The influences of fusel oil on emissions vary related with
engine operating conditions. NOx is the greatest harmful
gaseous emission from a compression ignition engine. NOx
formation highly related on the combustion temperature and
all engine-operating conditions influence the formation of
NOXx such as engine speed and engine load. NOx formation
happens at temperatures above 1500 C, and the rate of the
formation increases quickly with increasing temperature
above 1500c [12]-[15]. NOx emissions decrease with using
fusel oil compared with diesel as shown in Fig. 8. The oxygen
content in the fuel oil and alcohols, which leads to a more
complete and cleaner combustion[16]. Also, the higher
oxygen content in the mixture promotes the NOx formation
[17], [18]. As a result, the NOx decreased with F,0 compared
with pure diesel.
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Fig. 9 and 10 illustrated the CO, and CO emission for F,0
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and pure diesel at different engine speeds. As results, CO,
and CO emission increased with F,0. The main reason for the
high the CO, and CO emission is due to the high oxygen
content of fusel oil.
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IV. CONCLUSION

The variations in the engine emission of a diesel engine

using fusel oil-diesel and pure diesel were investigated. The
blends containing 20-vol percentage fusel oil and 80-vol
percentage diesel were prepared and tested in a diesel engine
with different engine speeds and 25% load. Considering the
experimental results, it is possible to draw following
conclusions.

(1]

[

31

(41

[5]

(6]

[71

The engine torque and power slightly decreased due the lower
in-cylinder pressure for F,0.

The heating value of fusel oil results in raised fuel
consumption but the thermal efficiency is not affected
significantly.

Due the low heating value and higher latent heat of
evaporation of fusel oil the volumetric efficiency increased
Due the high water content of fusel oil, the in-cylinder
temperature slightly decreased.

As compared to neat diesel and the F,0 showed a drastic
reduction on NOx emission.

The CO, and CO emission increased for F,0 compared with
pure diesel at all engine speeds.
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