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Abstract

This paper presents 3D cold follow simulation inside the intake manifold, valves and cylinders of the engine
which has two cylinders with two valves in each, and a compression ratio of 10.7. The purpose of this study is to
analyze the change in the cylinders in terms of temperature, pressure and velocity depending on crank angle
degree for 300 K and 450 intake temperatures. This is, particularly, important for a controlled auto ignition
(CAl) engine which has sensitive to temperature distribution and pressure for combustion development in
cylinders. In this study, the engine model based on the real dimension of Lombardini LGW523 engine was
structured and then meshed for follow fields. Fluent CFD code which uses finite volume method was used as an
analysis tool. 3D Pressure based Implicit unsteady solver was used to solve the basic governing equations (mass,
momentum and energy). RNG k-¢ turbulence model was used to simulate the turbulence follow in the cylinders.
The analyses in this study were carried out for four strokes of the engine using dynamic mesh. As a result, in
cylinder temperature, pressure and velocity distribution were obtained with change in crank angle positions and

compared for two different intake temperature.
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1. INTRODUCTION

An inlet manifold or intake manifold is the part
of an engine that supplies the fuel/air mixture (in
case of Sl engine) or only fresh air (in case of ClI
engine) to the engine cylinder. The primary
function of the intake manifold is to evenly
distribute the combustion mixture (or just air in a
direct injection engine) to each intake port in the
cylinder heads[1]. Improvements in engine
efficiency can also be attained by enhanced in-
cylinder flow motions using optimized cylinder head,
port and valve timing. A well-designed intake
manifold and cylinder head will reduce the flow
resistance and increases the swirl. Swirl is the
rotation of charge about cylinder axis and it is used in
Sl engines to speed up the combustion[2]. In-cylinder
flow field structure in an internal combustion (IC)
engine has a major influence on the combustion,
emission and performance characteristics. The fluid
motion in an internal combustion engine is induced
during the induction process and later modified
during the compression process. Intake charge
enters the combustion chamber through the intake
manifold of an IC engine with high velocity. Then
the kinetic energy of the fluid resulting in turbulence
causes rapid mixing of fuel and air, if the fuel is
injected directly into the cylinder. In-cylinder fluid
motion governs the flame propagation in spark-
ignition engines, and controls the fuel-air mixing and
premixed burning in diesel engines. With optimal
turbulence, better mixing of fuel and air is possible
which leads to effective combustion [3].

Paul and Ganesan [4]studied the effect of helical,
spiral, and helical-spiral combination manifold
configuration on air motion and turbulence inside
the cylinder of a Direct Injection (DI) diesel
engine motored at 3000 rpm. Three dimensional
model of the manifolds and the cylinder was
created and meshed using the pre-processor
GAMBIT. The flow characteristics of these engine
manifolds were examined under transient conditions
using Computational Fluid Dynamics (CFD) code
STAR-CD. The predicted CFD results of mean
swirl velocity of the engine at different locations
inside the combustion chamber at the end of
compression  stroke  were compared  with
experimental results carried out by other researchers.
They concluded that swirl ratio inside the
cylinder and turbulent kinetic energy was higher
for spiral manifold. VVolumetric efficiency for the
spiral-helical combined manifold was 10% higher
than that of spiral manifold.

Kumar and Nagarajan [5], deals with experimental
investigation of swirling flow in the cylinder of a
spark ignited engine. The variations in different non-
dimensional parameters such as flow coefficient,
swirl coefficient and swirl ratio at various valve lifts
and throttle opening was studied using a steady flow
bench. Their results indicate that a higher swirl
coefficient and swirl ratio could be achieved with
shrouded valve and twisted tape with penalty on flow
coefficient. These experimental results could be
utilized to verify the results of modeling using
commercial CFD codes and also for increasing the
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accuracy of mathematical modeling of combustion
process in internal combustion engines.

Karthikeyan et al.[6] indicated from the AVL
BOOST software that the sudden increase in pressure
waves are observed with initial manifold design.
Therefore the initial intake manifold was optimized
for uniform flow, by using CFD software. From the
CFD results, 76% mass fraction of air was observed
for all the three runners at 1800 rpm. Further
experimentally air pressure inside the runners were
investigated and increased air pressure of 13% shows
that flow of air increased inside the runner for the
optimized intake manifold design.

The manifold design and temperature distribution in
a cylinder is also important for a CAl engine which is
alternative combustion mode to conventional Sl and
Cl engines. This is because CAl combustion takes
place at many points in a cylinder. During CAI
combustion, premixed fuel and air mixture is
compressed to a temperature so high (usually 1000 K
or more) that auto ignition happens[7]. In case of
high ignition temperature, we have to increase the in-
cylinder temperature by means of heating intake port,
modified compression ratio and using internal
exhaust gas recirculation. Therefore, intake

temperature value, temperature distribution and mass
fractions of mixture directly influence on CAl
combustion process. In

this study, 3D flow
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Figure 1. Geometric model.

Model formulation:

The model considered was solved using FLUENT
which uses the control-volume-based method to
convert the governing equation to algebraic
equations. The governing equations of continuity,
momentum, energy and the sub-model equations of
turbulence, radiation and species transport with finite
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simulation was performed at two different intake
temperatures for CAIl engine converted from SlI
engine in order to attain temperature distribution in
the flow fields.

2. NUMERICAL ANALYSIS

The specifications of the S| engine analyzed are
given in Table 1. A geometric model of the engine
including intake manifold, combustion chamber,
intake and exhaust ports, intake and exhaust valves,
was structured and meshed for computational
domains by using GAMBIT. The computational
mesh consisted of 2.368.713 cells at TDC and
5.605.462 cells at BDC. Figure 1 shows the
computational domain of the three-dimensional
geometric model.

Table 1. Engine Specification

Description Unit Value
Bore [mm] 72
Stroke [mm] 62
Displacement volume [1t] 0.505
Compression ratio [-] 10.7
Intake valve diameter [mm] 32
Exhaust valve diameter [mm] 27

rate chemistry, auto-ignition and NOx model, which
are necessary to simulate the engine cycle were
solved in time dependent deforming two-
dimensional control volume. The integral form of the
conservation equation for¢ scalar quantity is written
for an arbitrary control volume V as follows [8]:
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where g is density, 7 is velocity vector, A is surface
area vector, I, denotes diffusion coefficient for ¢

and 5, represents source of ¢ per unit volume.

A. Turbulence Model

The RNG k-¢ turbulence model was used owing to
its degree of accuracy in obtaining the effect of
swirling flow. Transport equations for the RNG k-¢
are expressed as follows:

—'[IJH] —{Dklﬂ-—(ﬂbuﬁ I"{k"{h pe-Ty#5, (2a)
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In these equations, Gk and Gb denote the generation
of turbulence kinetic energy due to mean velocity
gradients and buoyancy, respectively. YM is the
contribution of fluctuating dilatation in compressible
turbulence. ok and aeg are the inverse effective
Prandtl number for k and €. Sk and Se are user-
defined source terms. Cle and C2¢ are the model
constants derived analytically by the RNG theory.

The total temperature is set to 300 K for case one,
and then 450 K for case two, assuming that the
engine is naturally aspirated. Three main boundary
features were used (i) pressure inlet (ii) pressure
outlet and (iii) walls. Turbulence in the related
boundaries was specified using Intensity and
Hydraulic Diameter. Wall temperatures were also set
to 300 K. 3D Semi Implicit unsteady solver was
used to solve the basic governing equations (mass,
momentum and energy). RNG k-¢ turbulence model
was used to simulate the turbulence in the engine
cylinder. SIMPLE (Semi-Implicit Method for
Pressure-Linked Equations) was used as the pressure
velocity coupling scheme.

3. RESULTS AND DISCUSSION

The results from the manifold and cylinders
modeling and CFD simulation using FLUENT
software are shown and discussed. Figure 1 shows
the contours of velocity magnitude at different
crank angles. As seen in this figure, velocity
magnitudes are clearly seen in manifold and cylinder
with valve. Piston is in TDC position where the
exhaust valve is closed and the inlet valve is open
i.e., beginning of intake stroke for first cylinder.
Maximum velocity obtained at 540° is 38.54m/s.
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a) 360 CA

b) 420 CA

¢) 480 CA

d) 540 CA
Figure 1. Velocity magnitude for different crank
angles
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a) 450 K at 450CA b) 300K at 450CA
Figure 2. Temperature distribution for 300 and 450 K at 450 CA
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a) 450 K at 450CA b)300K at 450CA
Figure 3. Pressure distribution for 300 and 450 K at 450CA

Figure 4 shows pressure values versus the crank increasing of intake temperature, pressure values
angle for 300 and 450 K intake temperature. With the were decrease in both cylinders.
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Cold Flow Simulation
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Figure 4. Pressure values versus the crank angle for 300 and 450 K intake temperature.

0

The initial intake manifold is not able to provide leads to decrease the performance of the engine.
uniform air distribution to all the cylinders for CAIl Therefore, this manifold is changed different
combustion mode(heating intake temperature). This configuration relative with CAIl engine mode.
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4. CONCLUSIONS

The effect of intake temperature on controlled auto-
ignition (CAI) engine considering the two different
intake temperature by using the CFD code FLUENT
program. RNG k-¢ model was used to simulate the
turbulence in the engine cylinder. SIMPLE (Semi-
Implicit Method for Pressure-Linked Equations) was
used as the pressure velocity coupling scheme. All
four strokes and their effect on in-cylinder air motion
were studied effectively using the numerical
approach followed in this paper. CFD can be
used as a useful tool to determine the effect of the
parameters related to engine on performance.
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