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4- Direct injection compression ignition
5- Brake thermal efficiency

6- Brake specific fuel consumption

7- Variable compression ratio
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Table 1- Technical specifications of diesel engine John Deere 6068HF275

290 Sladuia oo
Engine characteristics Value
).L.L.u) Sy 6
Number of cylinders
Displacement
UL?“’ sluss 12
Number of valves
ik 2 106 mm
Cylinder bore
o255 127 mm
Stroke
osts Jib 270 mm
Connecting rod length
3kl sl oloj 4BTDC
Standard injection timing
P51 o 17
Compression ratio
piS Sk 740-930 N m @ 1400 RPM
Maximum torque
oly Sl

Maximum power

129-187 kw @ 2000-2400 RPM
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Fig.1. Computational model of a six-cylinder, direct-injection, compression-ignition engine
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Table 2- Important properties of used fuels
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Density
OialS T 53 i <yl Mlkg?  0.25 0.92 1.17 0.35 0.36 0.317
Heat vaporization at 298k
J?SJ?" 20 O}#‘S‘ LSL"’V‘J‘ 0 1 1 34.39 0 0
Oxygen atoms per molecule
J?gﬁ" 2R ik sl 236 6 4 2 22 21.84
Hydrogen atoms per molecule
s 12 2 008 sla 135 2 1 18.82 10 12.35
Carbon atoms per molecule
ot ol o) Mlkg! 4325  27.73 21.11 37.11 44.62 41.7
Lower heating value
ol k 569.4 516 513 78587 6178 564.06
Critical temperature
. @IPU s bar 24.6 6.38 79.5 12.07 21.1 22.77
Critical pressure
‘y? M k 463.15  351.65 337.63 624.1 447.27 452
Boiling point
. _JL;;:I o> k 527.15 638.15 738.15 533.15 483.15 538.25
Ignition temperature
. e ‘5”_51; mm? s 2.2 1.32 0.58 5.63 2.36 211
kinematic viscosity@ 40°C
Ol 222 52 7 5 60.1 76 475

Cetane number
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Fig.2. Curve of engine torque and power versus engine speed (comparison of experimental and simulation data)
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Introduction

Today, maximizing the efficiency of fuels and increasing the output power of diesel engines is considered

inevitable due to the increasing need for energy resources, the reduction of fossil fuel resources, the need to
maintain the environment, reduce air pollution, and limit the electricity supply and fuel supply. In the large cities
of Iran, the problem of vehicle pollution is one of the main problems. The lack of proper fuel, soot filters, and
absence of requirement for a technical inspection of diesel vehicles have led to an increase in mortality and the
growth of lung cancer due to pollution. All of studies indicate that fossil fuels, despite the low cost of
production, will increase the cost of both living and environment. A solution for this crisis is to reduce the
sources of pollutant-producing sources from the source of these pollutants. In the internal combustion engines,
the compression ratio and alternative fuels are two important factors affecting engine performance and exhaust
emission.

Materials and Methods

In this research, a one-dimensional computational fluid dynamics solution with GT-Power software was used
to simulate a six-cylinder diesel engine to study the performance and exhaust emissions with different
compression ratios and alternative fuels. The compression ratio was chosen to be 15:1 to 19:1 with an interval at
unity. Alternative fuels such as (as base diesel), methanol, ethanol, diesel and ethanol, biodiesel and decane were
selected. To modeling engine, first, all parts of the engine were introduced as a real six-cylinder engine, and then
the required data were entered according to the actual engine conditions at the atmospheric pressure of one
atmosphere. Before this investigation was carried out, a validation model for evaluation was done by
experimental and simulation data. The validation results showed that software model error is acceptable and the
model has a good capability of fitting and predicting.

Results and Discussion

The engine performance was evaluated in terms of engine power, engine torque, and specific fuel
consumption at different engine compression ratio and fuel. The results showed that with increasing the
compression ratio, brake power and brake torque increased. Among the fuels used in this engine, the maximum
brake power and brake torque in the compression ratio of 19 with the decane fuel were 3.86% higher than that
the base fuel and the lowest value was awarded in the compression ratio of 15, with methanol fuel and it was
equal with 56.04%. The results indicated that by increasing compression ratio, the brake specific fuel
consumption was reduced due to more power than the fuel consumed in the engine. A fuel with lower heating
value should be injected more mass to the engine. This will increase the brake specific fuel consumption. In this
research, the decane fuel with a compression ratio of 19 with a reduction of 3.72% had the lowest brake specific
fuel consumption among other fuels. The CO emission from the engine largely depended on the fuel's properties,
the availability of oxygen, the fuel mix with air, temperature, and turbulence inside the combustion chamber.
The results highlighted that by increasing compression ratio, CO emission increased and CO emission in
biodiesel fuel, with a compression ratio of 15, was decreased by 82.37% compared to the base. CO, emissions
are not too harmful to humans, but they increase the potential for ozone depletion and global warming. With
increasing compression ratio, CO, and HC emissions increased for all fuels, CO, emissions have risen up the
base. The fuel heating mechanism, combustion temperature, oxygen content, and gas fuel availability are the
most important factors in the formation of NO,. With increasing the compression ratio, the amount of NOy
increases, which is due to the high temperature in the cylinder at a higher compression ratio. The viscosity and
density of fuels have an effect on NOyx emission, and because of the larger droplets of the fuel, it released NOy.
The highest NO, emissions from biodiesel fuel are due to the high oxygen content of this fuel and the lowest
NO, emissions from decane fuel, due to the low density of the fuel compared to other fuels.
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Conclusions

The results of this study showed that the decane fuel with a compression ratio of 19 in total had the best
functional and pollutant characteristics among the six fuel used in this study. Therefore, this fuel can be the best
alternative for diesel fuel.
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