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Abstract: Numerical investigations are studied for the homogeneous-charge compression-ignition for CNG fuelled
engine with EGR. The Homogeneous Charge Compression Ignition (HCCI) engines fuel oxidation chemistry
determines the auto-ignition timing, heat release rate, reaction intermediates products, combustion duration and the
ultimate products of combustion. Compressed Natural gas is promising alternative fuel to meet strict engine
emission regulations in most of countries. In CNG-fueled HCCI engines the activation energy required for auto-
ignition must be obtained by extreme levels of air fuel mixture heating and compression to auto-ignition conditions.
This leads inherently to a high rate of heat release and, in consequence, the air fuel mixture highly diluted with EGR
to avoid heavy knocking. The limited calculation capacities, experimental investigation cost and the shortened time
from development to product need the Numerical simulation of the complex chemical and physical processes. Multi
zone modeling is used to simulate CNG fuelled HCCI engine concept validated with experimental results collected
from literature review. At all load range the effect of increasing EGR leading to longer burn duration was confirmed.
This is in good agreement with experimental validation, and showed increases in figures. The mid load 2 condition
showed a slightly more complex trend with a general trend of decreasing PM and NOx emissions with increasing
EGR but local minima for both pollutants between 10 and 25% EGR.
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1. Introduction combustion process itself because HCCI combustion
Over the last few years, a consensus has is very rapid.
developed as to the nature of HCCI combustion. It is A wide used approach is the treatment of the
now generally agreed that HCCI combustion is combustion chamber as a perfectly stirred reactor with
dominated by local chemical-kinetic reaction rates!'), variable volume and heat losses” .. This approach is
with no requirement for flame propagation. This very useful if a valuation of suitability is performed
notion has been supported by spectroscopic data and only the trends are essential®®. Chen et al'®
indicating that the order of radical formation in HCCI performed an investigation of internal EGR. He
combustion corresponds to self-ignition rather than showed that using internal hot EGR leads to an earlier
flame propagation **!. Recent analytical developments combustion. Fiveland et al. investigated in'® the
also support the view that HCCI combustion is influence of initial temperature, initial pressure of
dominated by chemical kinetics, and an analysis mixture, natural gas composition, heat transfer model,
methodology based on this premise has had equivalence ratio and compression ratio on ignition
considerable success in predicting HCCI combustion behavior of an HCCI engine. As expected, an increase
and emissions!*. If a truly homogeneous mixture of initial temperature leaded to an earlier ignition.
exists at the time of combustion, turbulence has little Similar was the behavior while increasing the inlet
direct effect on HCCI combustion, but it may have an pressure keeping the equivalence ratio and the inlet
indirect effect by altering the temperature distribution temperature  constant.  Adding to  methane
and the boundary layer thickness within the cylinder. hydrocarbons of higher order — such as ethane and
Small temperature differences inside the cylinder have propane - in a range which is absolutely possible in
a considerable effect on combustion because chemical natural occurrence, the ignition delay could be
kinetics is very sensitive to temperature. As a result, shortened up to half a millisecond. In® the
heat transfer and mixing are important in forming the computational investigation ofl*! was extended and
condition of the charge prior to ignition. However, was compared with experiments. Both, experiments
they play a secondary role during the HCCI and simulation, showed again that adding higher order
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alkanes leaded to an earlier ignition. For 100%
methane  simulation and experiments agreed
reasonable. But using gas mixture the difference
between simulation and experiments was increased.

Because in reality the combustion chamber is
not homogeneous, models have been improved using
various zones, which can have stochastic (19201 jpitial
conditions or the use of models which divide the
combustion chamber into an adiabatic core, a
boundary layer and a crevice volume *'**' Depending
on the model assumption the zones experience no
interaction"”,  volumetric work between the
boundaries or mass and energy exchange due to
stochastic collision®”. In'*"??! there is mass exchange
between the crevice zone,the boundary layer and the
adiabatic core zone,respectively. Bikas'**! developed a
reduced kinetic mechanism and investigated the HCCI
combustion process under different conditions with a
single zone model. He wused a representative
interactive flamelet (RIF) model to capture for spatial
inhomogenities and compared the results with the
obtained by the 0D-model for one operating condition.
The authors propose two promising ways to simulate
HCCI combustion processes. The first model is a
classical multi zone model with stochastic
initialization of the lambda and the temperature
distribution and is physically only recommendable to
simulate HCCI combustion process with port
injection. The second model, allows for spatial and
temporal inhomogeneities by calculating the complete
high pressure cycle with 3DCFD. To solve the
chemistry source term only the mixture fraction and its
variance is transported and detailed chemistry is
solved in the mixture fraction space. The models
accounts for combustion turbulence interaction by
conditional moment closure. This model has been used
in more fundamental research such as spray
combustion by Mastorakos et al.** Wright et al. >}
and Weisser et al 1**),

Because EGR serves two purposes in HCCI
engines, adding thermal energy to the uncompressed
mixture and acting as an energy sink to slow oxidation
kinetics, it is widely used for extending the HCCI
operating range. Since the earliest studies by Onishi et
al. (1979)" Noguchi et al. (1979), Najt and Foster
(1983), and Thring (1989)™, at least some level of
EGR has been utilized in nearly all HCCI experiments.
The goal of this work is to determine the influence of
using EGR to control SOC on the emissions from an
CNG fueled HCCI engine. Data are presented on
combustion behavior, gas phase emissions, and
particulate phase emissions and a relationship between
EGR, combustion behavior, and emissions is
established. The simulations results have been
validated with the data collected from literature
review[27].

2 NUMERICAL MODELING OF THE ENGINE

Present work is carried out using a single
cylinder HCCI engine fitted with a hemispherical considered
for the analysis. Some important engine details considered
for the analyses are given in Table 1. Figure 1 shows engine
model used for simulation.

Table 1 Engine Specifications
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Bore 8.00 cm
Stroke 11.0 cm
Connecting rod length 232 cm
Piston bowl | Hemispherical and toroidal
configuration bowls.
CR 19.8
Engine speed 1500 rpm
Fuel CNG
Exhaust Valve Open 43° bBDC
Exhaust Valve Close 6° aTDC
Inlet Valve Open 8°aTDC
Inlet Valve Close 36° aBDC
Wall temperature(K) 460K
CYLINDER HEAD .
HEMI SHPERICAL |
BOWL =
PISTONTOP
FLYWHEEL

Figure 1 Engine Model

3. Result and Discussion

Figure 2 shows the peak cylinder pressure as
a function of combustion timing. For this operating
point the pressure curve matches very well with the
experiment. The trend shows for CNG fuel are
consistent in that the peak pressure is relatively flat at
peak of heat release near TDC and then decreases as
the peak of heat release occurs later in the cycle. The
peak pressure increases with decreasing temperature
due to the higher volumetric efficiency at lower intake
temperature. Figures 3 and Figure 4 are a plot of
brakes specific emissions against EGR. This operating
condition shows somewhat different emissions
behavior from the lighter load conditions. Both CO
and HC emissions peak at 10% EGR and then fall, but
CO rises again after 25% EGR while HC continues to
fall. The heat release figure 3 shows that peak in-
cylinder temperature initially falls between 0 and 10%
EGR but then increases. On the other hand, lambda
and exhaust oxygen decrease steadily as EGR
increases. The opposing effects of in-cylinder oxygen
and temperature may explain the observed trend of CO
but the opposite trends in CO and HC at the highest
EGR rates suggests that HC oxidation may be more
temperature dependent that CO oxidation.




Life Science Journal 2013;10(7s)

http://www.lifesciencesite.com

—=— EXPCNGFuel $=0.38, T, =175C

%1 —o— SIMCNGFuel =038, T,=175°C
80 i
i
@ 60 ] \E\
%) \
2 o] !
2 s
4 \
Lo \
— m
S 2 \
£
3 204 “\
o e
A S
1" ~n
o

— T T T T T T T T T T
-100 80 -60 40 -20 0 20 40 60 8 100
Crank Angle, Degrees

Figure 2. Peak Cylinder Pressure with respect to crank
angle at equivalent ratio of 0.38 and inlet temperature
of 175° C in both experimental and simulation study

The trends in NOx and PM emissions shown
in Figure 4 are somewhat more complex than for the
light load cases. Both show a local minimum between
10 and 25% EGR followed by an increase and then a
slow decrease. The trends in peak in-cylinder
temperature and peak HRR rate are also complex with
a general increase in temperature with EGR but with a
dip in temperature a 10% EGR while HRR, like PM
and NOx, falls, rises, and then fall again as EGR
increases.  Although the relationship between
incylinder temperatures and PM mass is not obvious, a
clear relationship between HRR and PM mass is
apparent. Increased HRR caused total PM mass to
trend upwards. Uncertainty exists in  both
computational and experimental results. The
uncertainty can exist in the form of bias and precision
errors. With careful calibration, the bias error can be
minimized.
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Figure 3. BSCO & BSHC versus EGR at three load
condition in both experimental and simulation study.
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Figure 4. BSPM & BSNO, versus EGR at three load
condition in both experimental and simulation study.

4. Conclusion

The effects of EGR on an CNG fueled HCCI
engine were studied at constant speed. Data were
collected on performance, in-cylinder behavior, and
emissions. The effects of increasing EGR leading to
longer burn duration were confirmed. This is in good
agreement with numerical simulation findings. In this
study, increases in EGR led to decreases in both NOx
and total PM mass and number emissions. The
influence of EGR on combustion behavior was as
expected, extending burn duration, limiting rates of
pressure rise, and minimizing peak rates of heat
release. Cooler combustion led to small reductions in
NOx as EGR rates were increased. In general,
increased rates of EGR led to lower PM number and
mass concentrations and smaller particle diameters.
These reductions are thought to be due to the lower
peak rates of heat release leading to less heat transfer
to cylinder walls and reductions in the rates of
evaporation of oil films from in-cylinder surfaces.
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