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Abstract--In recent years, the substitution of gaseous fuels
for liquid fuels in internal combustion engines has received
considerable attention. In this paper, the effect of using
gaseous fuels such as methane and propane instead of
gasoline on the performance parameters of the TU5 engine,
which is one of the most widely used engines in the country's
automotive industry, has been simulated using the one-
dimensional fluid dynamics software GT-Power. The results
showed that using gaseous fuel, due to occupying a certain
volume of air, led to a decrease in volumetric efficiency, with
the reduction in volumetric efficiency being greater for
methane compared to propane. Additionally, using gaseous
fuel in the gasoline engine, without making significant
changes such as altering the compression ratio, resulted in a
reduction in brake power and torque. The results also
showed that the optimal spark timing also changes
simultaneously with the change in the type of fuel in the
engine. The comparison between simulation and
experimental results showed relatively good agreement.

Key words: Brake Specific Fuel Consumption, Engine TUS,
Gas Fuel, Gasoline, GT-Power, Methane, Optimum Timing,
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1- Introduction

Spark-ignition  (SI) engines are widely used in
transportation and energy production, and their
performance is heavily influenced by the type of fuel.
While gasoline is the traditional choice, environmental
concerns and fossil fuel limitations have spurred interest in
alternative gaseous fuels [1-3].

Fuels like CNG and LPG are promising due to their
higher-octane ratings, cleaner combustion, and lower
pollutant emissions. They can enhance thermal efficiency
and reduce costs, though differences in combustion
characteristics pose challenges for engine design [4].

Studies comparing gasoline, CNG, and LPG in SI
engines show LPG offers better combustion properties,
while CNG’s high-octane rating allows for higher

Both fuels
reduced

compression  with reduced emissions.
demonstrate improved fuel economy and
emissions compared to gasoline.

This research is important for optimizing Sl engine
performance and minimizing environmental impact. It
explores the effects of using gaseous fuels, aiming to
support the transition to cleaner, more efficient engines
without sacrificing performance or increasing costs.

2- Governing Equations and Simulation

The flow model used in this study is based on the Navier-
Stokes equations, which include the continuity equation,
momentum conservation, energy conservation, and
species conservation. In this model, the equations are
solved in one dimension, and time integration methods are
applied implicitly and explicitly. In the explicit method,
the values of mass flow rate, internal energy, and density
are calculated using previous time steps, whereas in the
implicit method, these variables include mass flow rate,
pressure, and total enthalpy, requiring more iterations but
offering greater stability. The governing equations in detail
include the continuity equation, momentum conservation,
energy conservation, and species conservation.

For simulating the engine in the GT-Power software,
various engine components, including the air filter, throttle
valve, intake manifold, and injectors, were modeled. Due
to the absence of an air filter model in the software, the
Pipe model was used. In simulating the intake system, the
geometry of the intake manifold and its components were
imported into the software according to two-dimensional
maps. For heat transfer simulation, the Woschni heat
transfer relation was used, and radiative heat transfer was
neglected in this modeling. Finally, for combustion
simulation, both the heat release rate model and the flame
propagation model were applied. The four-cylinder four-
stroke engine was modeled, and the necessary
modifications for using methane and propane as gaseous
fuels were implemented.
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3- Results and Conclusion

To validate the results, the simulation results for
volumetric efficiency, power, torque, and BSFC of the
gasoline engine were compared with both experimental
and numerical data from reference [5]. The simulation
closely matched the numerical results and showed good
agreement with experimental data. The maximum relative
errors for volumetric efficiency, power, torque, and BSFC
were 3.9%, 4.9%, 4.1%, and 6.2%, respectively.
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Volumetric efficiency versus engine speed was
compared for gasoline, methane, and propane. Gasoline
showed the highest efficiency due to its cooling effect
during evaporation, which increases air density. Propane
and methane, being gaseous, reduce air intake volume,
lowering efficiency. Propane performs slightly better than
methane due to its higher density. Similarly, gasoline
produced the most power, followed by propane and
methane.
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Figure 1. Effect of optimal ignition timing on volumetric efficiency versus engine speed
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Figure 2. Effect of optimal ignition timing on power versus engine speed
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Figure 3. Effect of optimal ignition timing on fuel consumption versus engine speed

Torque curves mirrored power trends, as both depend
on cylinder pressure and combustion energy. BSFC was
lowest for gaseous fuels due to their combustion traits.
Though gasoline has higher energy density, it requires
more fuel for the same power. At speeds above 5000 rpm,
methane’s BSFC exceeds propane’s due to its slower
combustion and less stable behavior at high speeds.
Despite lower volumetric efficiency and power, gaseous
fuels consume less fuel overall, supporting their use in
engines.

The base ignition timing was 15° BTDC. To analyze the
effect of timing variation, it was changed from 11° to 19°
BTDC. For methane, advancing timing improved high-
speed power due to better combustion. For propane,
advancing timing beyond 11° BTDC slightly reduced
power, likely due to thermal losses. Methane’s BSFC
decreased with advanced timing, while propane’s
increased. The lowest methane fuel consumption occurred
at 19° BTDC, showing the benefits of optimized timing.

After identifying the optimal ignition timing 11° BTDC
for propane and 19° BTDC for methane, engine behavior
was assessed under base and optimized conditions. As
shown in Figure 1, ignition timing had no effect on
volumetric efficiency, since it doesn't influence air intake.
Factors such as manifold design and valve timing
primarily affect volumetric efficiency.

According to Figure 2, optimal ignition timing
increased engine power by about 1.5% for propane and 5%
for methane. Figure 3 shows that BSFC decreased for both
fuels after optimization. Notably, at high speeds, methane
had lower fuel consumption than propane under optimized

ignition conditions.
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