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FORTÉ
Simulating Fuel Flexibility in Diesel Engines

Internal combustion engines are expected to operate well with a far wider range of fuels as new
fuel options such as biofuels are added to the fuels landscape. This Solution Brief discusses
how FORTÉ can be used to predict the performance of a diesel engine on fuels with variable
compositions. As different feedstock and refining techniques affect fuel composition, it is
important to incorporate those differences in the fuel mechanism used in simulation. Accurate
simulation requires a detailed kinetics description of the fuel combustion.
FORTÉ can be used to simulate 3-D diesel-engine combustion simulations with advanced
spray models and accurate detailed chemistry, while keeping the simulation time to a minimum
through the use of a sector-mesh approximation of the engine geometry. This simulation uses
advanced chemistry solution algorithms that include dynamic adaptive chemistry (DAC) and
dynamic cell clustering (DCC). The FORTÉ Simulation Package uses an advanced KH-RT
spray model that simulates liquid breakup, secondary droplet breakup, distribution and
evaporation. The FORTÉ spray model has been shown to produce consistent results
independent of mesh size.

Setting Up in FORTÉ
In this case, the model represents a single-cylinder, direct-injection (DI), 4-stroke diesel engine
based on a Cummins N-series production engine. The engine is equipped with a nonproduction, high-pressure, electronically-controlled, common-rail fuel injector (Figure 1). The
eight fuel orifices are equally spaced, allowing simulation in a 45-degree sector.
To set up the problem in FORTÉ, we begin generating the sector mesh, using the Sector Mesh
Generator option. The simulation employs a multicomponent diesel-fuel surrogate mechanism
(included with FORTÉ) with 437 species that was reduced for the conditions of interest from a
comprehensive and well-validated master mechanism.1
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Diesel Emissions Predictions

Figure 1. Diesel sector simulation showing injector location.
A vaporization model for the fuel surrogate has a composition of 51% n-tetradecane, 35.5%
n-decane, and 15.5% 1-methylnaphthalene.

Results
The results show prediction of ignition behavior for low-temperature combustion conditions,
which provides good agreement with measured pressure and heat-release profiles (Figure 2).
The results for the 3-component, 437-species surrogate mechanism are compared against
experimental data of Singh et al.1 in Figure 2. The pressure curve shows excellent agreement
with the experimental data. The heat release also shows good agreement with experimental
data, particularly for the timing of the initial heat release and the peak heat-release-rate value.
FORTÉ allows prediction of NO and CO emissions throughout the cycle (Figures 3 and 4).
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Figure 2. Pressure and heat release compare well with experimental data.

Figure 3. NO emissions.
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Figure 4. CO emissions.
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