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Abstract. Ihe paper presents the results of numerical modeling of the complete (hermal
cycle of the Andoria 1hel02 test engine. Modeling was carried oul in the AVL Lire pro-
gram, Modeling was used in order to determine the optimal ignition angle of the test IC
imternal combustion (1C) engine. Model tests were carried out for the spark ignition (S1)
engine lo operale with excess air ratio equal to 2 — 1.2, As a crilerion lor cstimating the
quality of engine operation cycle, a value of maximum indicated pressure and indicated
efficicncy were taken. An additional criterion taken was the so-called knock combustion
that limits engine performance. Courses of heat release rate and total heat release as a result
were obtained. Modeling results show that the test engine powered by a lean mixture of A =
= 1.2, should work with the ignition advance angle equal to 12 deg before top dead centre
(BTDC). At this ignition advance angle in the engine knock occurred and the engine
reached the indicated pressure and the indicated efficiency and were equal to vespectively
0.82 MPa and 34.6%.

Introduction

During recent years, the numerical modeling research using more and more ad-
vanced mathematical models has been intensively developing. The development of
numerical modeling is heightened by increasing computational power thar allows
modeling not only tlow processes but also combustion in 3D [1-3]. One of more
advanced numerical models used for combustion process in piston engines model-
ing is AVL Fire |4]. In 2009 the Institute of Internal Combustion Engines and Con-
trol Engineering of Czestochowa University of Teclinology began a University
Partnership Program with the AVL Company and to modeling thermal cycle of IC
chgines using AVL Fire soltware |5-7].

The AVL Fire software belongs to contemporary programs which are used to
model the thermal cycle of internal combustion engines. Fire allows modeling tlow
and thermal processes oceur in the intake manifold. in the combustion chamber of
[C engine and exhaust pipe with a catalyst and a particulate filter. This programme
allows for the calculation of transport phenomena. mixing, ignition and turbulent
combustion in intecrnal combustion ¢ngine. Homogencous and inhomogencous
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The computational mesh can be obtained as surlace or volume discretization. In
AVL Fire the Finite Volume Method (FVM) is used to calculate the heat flows. For
a four stroke engine four computational domains are required. 'L'he first domain
includes the intake stroke until close the intake valve. The second domain is used
when the valves are closed. from the intake valve closing until the exhaust valve
opening. 'The third domain is used from the exhaust valve opening until the end of
the exhaust stroke. And finally the fourth domain is required for the whole engine
cvcle. The division cycle of three domains eliminates the problem of return flows
in the crevices between the valve train and valve seat.

The lirst step is o draw the engine workspace. Due to the requirements ol
software, both valves must be slightly open. This geometry is loaded into the pre-
processor of Fire program. On the basis of this gcometry the computational mov-
ing mesh 1s generated (Fig. 2).

‘Ihe computational mesh around valves was concentrated to obtain more accu-
rate results. Fire gives the possibility of temporary thickening of the grid.

Modeling of the thermal cycle of the test spark ignition engine in the AVL Fire
[4] software was carried out. Modeling of combustion process was carried out
using an advanced combustion model. ECFM (Extended Coherent Flame Model)
model was used based on the basis of turbulent mixing zone of air, fuel and ex-
haust. The FECTM has been developed in order 1o describe combustion in spark
ignition engines. This model allows the modeling of the combustion process of air-
fuel mixtures with EGR effect and NO formation. The model is based on the de-
scription of unburned and burnt zones of the gas. The concept of the combustion
model is based on a laminar Mlamelet idea, whose velocity and thickness are mean
values, integrated along the flame front. The thickness of the flame front layer
depends on the pressure, the temperature and content ol unburned (uel in the lresh
zone. In addition. it is assumed that reaction takes place within relatively thin lay-
ers that separate the fresh unburned gas from the fully burnt gas. This model uses
a 2-step chemistry mechanism for the fuel conversion. The unburned gas phase
consists of 3 main unburned specics: lucl, Ox, N. CO; and 11,0, The burnt gas
phasc it is assumed that no fucl remains, The burnt gas is composed of 11 species.
such as O, O,. N, N, H, H, CO, CO», Hy(3, OH and NO.

2. Calculations assumptions

The calculation started at TDXC at the beginning ot the intake stroke, proceeded
through the total cycle of 1080 degrees and finished at the end of engine exhaust
strokc. At the beginning of calculations, the lean mixture ol exeess air factor cqual
to 1.2 was in the chamber. The modeling of combustion process was conducted tor
a range of ignition advance angle from 38 to 8 deg of crank angle B1DC in order
to optimize the thermal cycle of the test engine. On the basis ot the pressure data
were calculated indicated pressure and indicated efficiency. Using AVL Fire soft-
ware a computational analysis was conducted of the potential combustion knock.
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Table 2

Medleling parameters and submedels

ignition advance angle 8:36 dep
ignition duration 10 deg
luel gasoline
temperature of luel injection 320K
initial pressure 1.0c+3Pa
initial temperature 365K
excess air factor 1.2
density 1.19 kg/m’
turbulence kinetic energy 0.1 Jm*
turbulence length scale 1.12 ¢m
combustion madel ECTM-37
turbulence model k-zeta-1
knock model AnB

One of the parameters determining the performance of the combustion engine is
the indicated pressure [12]
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where p,. p,-; are instantaneous values of the pressure in the cylinder, MPa. ¥V,
V.1 are mstantancous values of the eylinder volume, m, V. is displacement vol-
ume, m’.

The average value of the indicated efficiency. expressed in % is equal to:
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where {J is total heat supplied to the engine. M.
The heat supplied to the engine cylinder:

5 Vpw
¢ 0.5nf
where V' is the volume of gasoline delivered to the engine cylinder, m’, p is the
density of gasoline, kg/m'. W is the calorific value of gasoline, MJ/kg. # is the
speed enging, rpm, £ is the time consumption of gasoline delivered to the engine
cylinder. min.
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Conclusions

The AVI. FIRE program 1s 4 modern research tool that can be successtully used
to model the complete thermal cycle of the internal combustion engine. The AVL
FIRE up-to-date numerical code used during researches makes it possible to gener-
ate 31 geomelric mesh of combustion chambers of the lest engine and allows us to
perform numerical calculations of processes occurring in this engine. Conducted
simulations ol combustion process have delivered mnformation concerning spatial
and time-dependent pressure and Laminar Flame Speed and Knock Reaction Rate
distribution in combustion chamber. This information would be extremely difficult
10 obtain by experimental methods. It allows us to analyzing not only the combus-
tion chamber but also the intake and exhausting process. The ability to detect
knock in the cylinder can identify the real engine operating parameters at the opti-
mum setlings. In the paper. using AVL Fire found the optimal value of the ignition
advance angle tfor a modernized Ihcl02 Andoria engine which is powered by
a combustible mixture with an excess air factor of 1.2. The optimum value of the
angle was that which occurred at the maximum indicated pressure and indicated
etticiency. and for which there was no combustion knock. As a result of modeling
it can be concluded that combustion of a mixture of 4 = 1.2, the engine should
work with the ignition advance angle equal to 12 deg before TDC. At this ignition
angle in the engine does not occurs an undesirable symptom as combustion knock
and obtained values of the indicated pressure and the indicated efficiency were
equal to respectively 0.82 MPa and 34.6%.

The numerical modeling using the AVL FIRE can be used for preliminary de-
termination of adjuslable engine parameters such as ignition advance angle, with-
out using a real engine on the testing stand. Using numerical methods to optimize
engine operation can and should be verilied by experiment, however, on the meas-
uring stand.
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