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Abstract: The objective of this research, is to simulate the in-cylinder mass flow rate for a single eylinder
two-stroke spark ignition internal combustion engine. The research describes the Computational Fluid Dynamic
(CFD) analysis technique to predict in-cylinder flow on scavenging process. The modeling of three-dimensional
solid of scavenging model was developed using Solidwork computer aided design software. The three-
dimensional model 1s imported to the GAMBIT to generate meshes grids and mnported to FLUENT software for
modeling analysis. This analysis is using the dynamic mesh approaches using unstructured tetrahedral and
layered hexahedral elements simulated from Top Dead Center (TDC) at 0° of crank angle. Parameter of pressure
1s used as boundary condition collected from the experimental results at the intake port. The engine modeling
simulates on motored condition for un-firing cases at difference of engine speed. The results shown that, using
the dynamic mesh approaches give confident results compared with experimental. The results have been
predicted of mass flow rate and mass fraction of bummed gases on engine cylinder. Contour plotted of mass
fraction burned gases and vector of velocity was plotted.
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INTRODUCTION

The Internal Combustion (IC) engines date back to
1876 when Nicolaus A. Otto first developed the spark-
ignition engine and 1892 when Rudolf Diesel invented the
compression-ignition engine (Heywood, 1988). Since ther,
many researches have focused on the combustion
process. Contemporary engine research has attempted to
maximize the power produced from fuel combustion while
minimizing pollutants and other regulated compounds.
The difficulty 1s that there exit many variables that affect
these treatments, the piston speed, the piston chamber
geometry, inlet and exhaust port design, fuel composition,
m-cylinder fluid dynamics and 1gnition devices used. A
comprehensive and detailed study 1s needed to embrace
all the factors.

In two-strolce cycle engines, each outward stroke of
the piston 13 a power stroke. In order to aclhieve thus two-
stroke, the fresh charge must be supplied to the engine
cylinder at a high-enough pressure to displace the burned
gases from previous cycle. The operation of clearing the
cylinder of burned gases and filling it with fresh mixture
combination between intake and exhaust process is
known as scavenging. The emphasis of this research is

lied in prediction of scavenging characteristics using
numerical approaches. Using the BG-238A Tamka engine
a made single cylinder two-stroke loop-scavenged, thus
study focus on effects of boundary conditions at different
speed. From the experimental data, the inlet and cylinder
pressure were measured at 1100, 1400 and 1700 rpm. The
new engine test-rig is developed included the Data
Acquisition System (DAS) and sensors. The scavenging
process in the two-stroke engine has direct influence on
engine performance on their combustion processes and
remains one of the important strategies towards
improvement of fuel efficiency and reduction of pollutant.

The in-cylinder fluid motion in internal combustion
engine 1s one of the vital factors that controlling the
combustion process. The design of port system either the
intake or exhaust ports of two-stroke engine is very
influential in the in-cylinder flows. However, it also
resulted mn the short-circuiting of fresh charge. The short-
circuiting phenomena are responsible for the lower fuel
efficiency and high hydrocarbons emission. Previous
researchers did not clearly state how the experimental data
employed m numerical approach. Data 1s taken from the
intake port and applied as pressure average and solve
through the numerical approach. The effects of pressure
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will be investigated thoroughly. The detail of this study
is presented in this research wsing Fluent as CFD
software.

Any researchers used CFD model to mvestigate the
engine performance. The structure and guiding
philosophy behind this theoretical package has been
described by their originators (Spalding, 1981; Gosmar,
1985). These CFD codes are developed for the simulation
of a wide variety of fluid flow process. They can be
analyzed steady or unsteady flow, laminar or turbulence
flow, flow in two or three dimensions and single or two
phase flow. One approach to the solution of the
turbulence flow is often referred to as a k- model to
estimate the effective viscosity of the fluid. A typical
computational grid structure employed for an analysis of
scavenging flow in a two-stroke engine (Wolfgang ef al.,
2000). The model simulated on half model because the
geometries are symmetry. Multidimensional computational
1s used method to mvestigate the details of the in-cylinder
flow and gas exchange process in a loop scavenged SI
engine. The inlet and outlet boundary conditions were
obtained from a gas dynamic calculation. Results shows
the in-cylinder flow structure early during the scavenge
phase comprise of a three dimensional (Ahmadi ef al.,
1989).

There are any software were used for CFD modeling
(Amsden et al., 1992; Kang ef al., 1993; Liu et al., 1996,
Raghunathan and Kemmy, 1997; Elligott et al., 1999,
Hori et al., 1995; Mugele et al., 2001, Fadzil et al., 2004,
Bakshi et al., 2004; Tulus et ol , 2006). From the number of
review research have been published, it 1s suggested that
the scavenging process 1s still regarded as one of the
leading problem in two-stroke engine issues. There are
typically two method available to investigate scavenging
characteristics, i.e., through experimental or numerical
methods. Experimental methods can provide real measured
data and can be trustworthy. However, the experimental
methods are expensive and talee a long time to turn around
a solution. Numerical methods, i particularly fimte
volume method, a general method using for the flud flow
problems. Based on literature studies, Laser becomes
more significant tool for experimental purpose especially
on fired tests. It 1s clear that for the more accurate results
laser application well establish 13 used by among
researchers. Alternatively, numerical approach which is
computational fluid dynamics
popular to solve the flows characteristics. There are
several unique advantage of CFD over expermmental based
approaches to fluid systems design, substantial reduction
of lead times and costs of new designs, ability to study
systems where controlled experiments are difficult or
umpossible to perform, ability to study under hazardous

also becomes more

conditions at and beyond their or impossible performance
limit and practically unlimited level of detail of results.
Scavenging in loop-scavenged two-stroke engine-
cycle engmmes has been the subject of several recent
experimental and multidimensional studies. The
computational domain comprises the in-cylinder region
only: mlet and outlet boundary conditions have been
specified at the mterfaces of the transfer and exhaust
ports with the cylinder wall. In order to study the
scavenging process, the numerical study will be
introduced for the loop-scavenged type smgle two-stroke
engine. The multi block approach 1s seen more effective
with the dynamic mesh of transient analysis. The
boundary condition from experimental data will be
introduced which has not been clearly published by
previous researchers and use for the three dimensional
analysis. The combination with selected papers from
previous researchers as mentioned before has given
the 1deal to study the effects of in-cylinder flows
characteristics with different of variations pressures.

MATERIALS AND METHODS

The engine used a single cylinder piston-ported two-
stroke engine loop-scavenged crankcase compressed.
This research has conducted at Automotive Laboratory,
University Malaysia Pahang, in 2005 until 2007 years. The
specifications of engine are shown in Table 1. The piston
surface is flat form.

The analysis of Computational Fluid Dynamics (CFD)
three dimensional models was constructed using the
FLUENT code and it ability to deal with multi-block
solution domains with moving wall. The computational
domain was produced based on the actual engine and run
for half model. The finite volume enclosed the domain
started from the mtake port and ended at the exhaust port
locations. The analysis is limited for motored condition for
scavenging processes.

Due to the symmetry of the cylinder port layout, it
was only necessary to model half of the geometry
(Laurine et al., 1994; Wolfgang et al, 2000). Figure 1
shows such a three-dimensional for half model two-stroke
engine. The main components included cylinder head and
piston. The basic geometry of this engine illustrated on

Table 1: Engine specifications

Parameter Size/Feature

Cylinder type Single cylinder, piston ported
Compression type Crankcase compression
Displacement 30.5 o’

Scavenging concept Multi port-Loop scavenged
Bore x Stroke 36x30 mm

Exhaust port opening/closing 101 CA ATDC/259 CA ATDC
Scavenged port opening/closing 140 CA ATDC/220 CA ATDC
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Fig. 1. Half model three-dimensional of engine
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Fig. 2: Engine dimension parameters

Fig. 2. The mesh was constructed using three separate
blocks representing the intake port, cylinder and exhaust
port of the engine Their cell faces at the interface
between each other matched exactly setting in the TGRID
stage. The overall mesh structure for the piston at the
TDC1s shownin Fig. 3. The overall comprising 7964 cells
for the whole components started simulate at the TDC
position.

The volume is divided and the mesh to fulfill the
requirement of the dynamic mesh transient analysis.
Layered hexahedral meshed is specified for moving part
and unstructured tetrahedral element was for stationary
region. Volume grid generation was established using
Gambit 2.16 Pre-processor and TGrid. Block-by-block
approach 1s used to mesh the separated computational
domain (Fluent, 2001; Fadzil et @l | 2003; Bakshi et al |
2004; Tulus et af., 2008). The procedure is illustrated in
Fig. 4 for a simple two-dimensional case undergoing
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Fig. 4 Mesh motion for expansion (Raghunathan and
Kenny, 2000}

expansion and 15 similar to the ‘snapper’ logic adopted by
Amsden (1992)

The lowest layer of vertices in the cylinder mesh was
dways maintained to be at the piston crown lewvel
Additional layers of cells within the cylinder were
activated until achieved at the BDC. A layer of vertices
was also required to be moved in the scavenged port to
ensure that the cell faces of the cylinder and scavenged
matched at the port also exhaust itself. In each case, a
datum mesh was read in at the start of each time step and
mesh motion program modified the datum mesh to that
required at the end of time step. In this case, that setting
of time step mesh moton start at TDC and untid to BDC
for one and half cyele. The start moving at TDC 15 shown
in Fig. 5.

Using FLUENT, it is provided a built-in function to
calculate the piston location as a function of crank angle.
Using this function, it 15 needed to specify the piston
stroke and connecting rod length. The piston location 1s
calculated using the following expansion.

A ’2 A g
P,= L+E|[1—cosl:9c))— L —Tsm (8.) (1)

Where, p, 15 piston position (0 at TDC) and 4 at BDC, L
1s connection rod length, & is piston stroke and B, is
current crank angle position. The current crank angle is
calculated as below,
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Crank anglaf0® Crank anglalB0*

Fig 5 Mlesh motion preview start from TDC to BDC to
vetifiy the meshmotion step

Bo=0 il ()

Where, @ is the starting crank angle and Q- is the
ctatdishaft speed The three mesh update procedures
availahle are dynamdc layering, local remeshing and spring
s oothing. In this case, only dynamic layering method iz
applicatle since the grid which was built, is hased on
layered hexshedral element Stationary zones were
mairtainedintact for update.

The integral form of the conservation ecuations
(Fluent, 2001) for a genersl scalar, ¢ on an arhitrary
control volwn e, V, whose boundary iz moving can be
written below:

-

%J’ oV + [ p¢[u-§g].dﬂ - [rvedh +[5,av G)

Where, p is the fluid density, T is the flow welocity
vector, U, isthe grid velocity of the moving mesh, T is
the diffusion coefficient and 3, is the sowce term if ¢
Here iz used to represent the boundary of the control
volume V. Thetime derivationterm inEoq. 3 can be written
uging a first-or der backw a d differenice formmda as:

d _ (p¥ )™ - ()" 4
ﬁipcbd? e ()

Where noatd n+ 1 denote the respective gquantity at the
cut et st next tithee lewel The (n+ Dithtim e lewel wolame
is commputed form

gy +%m ()

Where, dV /dt iz the volume tim e deriwative of the control
volume. In order to satisfy the grid conservation law, the
volutie titme derivative of the control volume is compaed
from

dv 4 a9 moa 4

= cdd = _ fi

—=[u -dA=3u A ()
ay 1
Where, ry the fmber of is faces on the control walume
and A iz the j face area wector. The dotproduct 0
:5-,] ofr each control wolwme face iz caloulated from

R LAY
u, b =—L )
At

Where, &V is the wolume swept out by the control wolume
fare over the titme step At

The fluid passing through the engine was set to be
air and was dlowed to be compressible by the inclusion
of the solution of enthalpy, the density was calculated
through the use of the ided gas law. The cdcouation
utilized the standard wersion of the ko turbulence model.
Here, the species transport thodel is activated with twro
phase conditions being defined as burned and wnburned.
The properties of two species could difference, itis smply
because both are given the same properties as those of
fresh air.

Bouwndaties theough which flow can erter and
leawve the solution domain exit o the entry to the
intake ports from the crarbcase and exit of the exhaust
pott to atmosphere. The Boundary Condition (BCY at
the ittake ports were measured from experimental
using complete test-rig shown at Fig 6. The three
cages of study were selected which iz from experithental
data at the inlet port. From the profile data, the BC was
divided to the differert cases of speeds are listed in
Takle 2.

The flowr at the exit of the exhaust port to atm osphere
was set to constant static pressure equal to atimospheric
presaae (1 asou of @l., 2000; Frare of &, 1998). The
aimulation of this engine started o the 0° o the Top Dead
Certre (TDCY. The cylinder was imdtialized with a inlet
pressure used which is listed in Table 2 and the wall
temperatare was fived at 300K ¥ asou ef al. (20000 was
ugedthe irtndence intetisity and scale at both intake port
ettratice and exhanst port exit was set at 10 % of mean
velocity and 2 mim, respectively.
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Fig. 6: Effect of mass flow rate in cylinder at different engine speed and porting

Table 2: Parameters of pressure inlet

Input (speed) Pressure (Bar)
1100 rpm 1.168827
1400 rpm 1.117897
1700 rppm 1.029336

RESULTS AND DISCUSSION

The amount of mass flowing through a cross per unit
time is called mass flow rate. A gas flows or a liquid in and
out of a control volume through pipes or ducts. Figure 6
shows the relationship mass flow rate as a function of
crank angle degree. The positive and negative values
characterize the flow of air in the cylinder. Positive values
means fresh charge enters to the cylinder and negative
values represents the motion of fresh charge 1s exiting the
cylinder. At the beginning of the simulation, the all value
of mass flow rate there no entering or exiting occurs in the
cylinder until at exhaust port started open (IPO) at 101°
ATDC, the bumed gases enter to cylinder due to the
backflow pressure.

Atthe speed 1700 rpm it is shown a higher mass flow
rate value compared to other. While the intake port 1s
started to open (IPC) at 140° ATDC, the mass flow rate 1s
start to enter the cylinder and exiting through the exhaust
port. At this time, fresh charge enters the cylinder and
gave the lugher value of mass flow rate. The maximum of
mass flow rate 1s aclueved when the piston at BDC. This
is due to the intake port fully opened and fresh charge
enter to cylinder when crankcase under compression. At
the Intake Port Close (IPC), there i1s no entering and

exiting occurs in the cylinder. Figure also shows the small
amount of mass flow rate at 220° ATDC. When the
Exhaust Port Close (EPC), there is no flows entering or
exiting occur cylinder.

The performance of a two-stroke engine 15 strongly
dependent on how well the bumnt gases are scavenged
from cylinder volume and replaced with fresh charge.
Improve scavenging will minimize losses of fresh charge
to the exhaust port through the short-circuiting and
engine with premixed charge will be reduced the
hydrocarbon emissions and fuel consumption. To
determine the properties of a mixture mn cylinder, the
composition of the mixtures as well as properties is
important. Generally, the mass fraction 1s the ratio of the
mass of a component to the mass of the mixture. In
cylinder analysis, the fraction divided to
components; mass fraction burned and fresh air. At the
early of sunulation, the in cylinder and exhaust port
defined by bumnt area and intake port as fresh charge.
Value 1 defined the area of burnt and O for fresh charge.
This parameter can be effected the cylinder characteristics
onreal condition.

Figure 7 shows the effect of mass fraction with the
crank angle for cylinder area. The characteristics of
process started when the position of piston for intake
Port Started Open (TPO) at 140°ATDC and ended on
Intake Port started Close (IPC) at 220°ATDC. The
characteristics of mass fraction showed that the
composition of fresh charge and bumed gases are
balance. This figure clearly shows that total of burned

mass
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Fig. 7: Effect of mass fraction in cylinder at different engine speed and porting
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Fig. 8: Effect of mass fraction in exhaust at different engine speed and porting

gases and fresh charge must be equal 1 for all condition.
Higher speed of engine gives supply the lower of fresh
charge and in this condition the bumed gases give a
higher value. Tt also shows that lower engine speed
produces higher fresh charge and the balance of burned
gases 18 lower that fresh charge. Generally, it can be
concluded that the total area of burned gases will be
replaced with the total of fresh charge entering the
cylinder at the same amount.

The characteristic of exhaust port becomes one of
the concentrated areas of this study to measure the
possibility of short-cireuiting problems. In the exhaust
port, the characteristic of mass fraction was calculated

when the scavenging process in cylinder exit to the
exhaust port. The exhaust port gives more information
about the overall problem on scavenging process in
short-circuiting. Figure 8 shows the effect of mass fraction
with the crank angle for exhaust area. From the figure it
shows that higher engmme speed gives low fresh charge
exit through the exhaust area compared at low speed. The
lower engine gives the higher amount of fresh charge
direct exit through the exhaust area. It can be concluded
that the short-circuiting phenomena occur at the lower
engine.

Figure 9 and 10 shows the effect of mass fraction for
burned gases and fresh charge with the crank angle for
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Fig. 12: Tempom] charge of gas species concentration at 1100 rpm
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Fiz. 13: Termpom] charge of gas species concentration at 1400 rpm
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Fiz. 14: Ternporal charge of gas species concentration at 1700 rpm
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Fig. 15 Velocity field at different of plane

intake pot. Figore 9 shows the characteristics of mass
fraction of bwned gases for intake port. The
characteristics of masgs fraction on intale port started
happen when Intake Port statted Open (TPON. The mass
fraction of burned gases showed the smount of mass
fraction wery small waue The profile on Fig @ and 10
showrs the symmetry condition which is the total amount
of mass fraction between burned gases and fresh charge
egual 1. When the piston on BDC, the characteristic of
mass fraction is cleatly seen while the piston on BDC.

Figure 10 shows the chararteristics of mass fraction
of fresh charge with the crank angle. Before Indake P ot
Open (TPOY, the amoosrt of mass fracion of fresh charge
ate constart and fouwnd the mavimowm walue for all of
engite speed. When irfake port open IPO, the fresh
charge entering the cylinder and produced the higher
walues while piston at BDC. Tt can be concluded tha
when [PC, all fresh charge trapped in the irtake port and
there isno entering flow ocow to cylinder

Several methods have been developed for determined
what ocows in actual cylinder scavenging process
(Heywood, 1988). Accurate measuremert of scavenging
efficiency is difficult due to the problen of measurem ent
the trapping ait mass. CFD prediction has proved usefid
in providing a quaitative pietare of the scavenging flow
field atwl identifiing problems such as shott-circuiting
Cortowrs of mass fraction shadies indicate the key
features of the scavenging process. Figure 11 shows a
differert iew of mass fraction characteristic. Based on
this wiew, the detail figures fior urned gases is displaved
oty x-Z plane shown on Fig 12 and 13 for differert of
engine speed. All detail results & Fig 7-10 can be
visualized clearly for several crank angles Figure 12-14 are
displays from center of cylinder on symmetry plane. The
characteristics of mass fraction can he understood when

() Isom sk ric wewr
1.aLemug
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1.1E=+H11
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1.05a+H12
i BlaHil
.17t
B .51=H11
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R
12707 T X

the movemert of piston started from Top Dead Certre
(TDCY) to Bottotn Dead Certre (BDC). It cat be concluded
that the trend is the higher speed of engine give the
slower mass fracion process to puash all burned gases in
cylinder to exhaust port due to of fresh charge entering
thr oagh intake port.

Vectors results explaned the scavenging flow
happen in cylinder a the difference of crank angle and
engine speed Generally that the high welocity of
tumble occurs at the exhavst port area when exhaust
started trapped. As  generally, the high tumble in
cylinder area is resporsible for the fast burn rate in the
produced the high power stroke engines and can be
irfluenced the engine performance Mlost of tumble
mover ent cleatly display on wolume cearance area
Figure 15 shows a different wiew of welocity wectors
characteristic. The bwned gases from exhaust port
ertering the cylinder. The baclflow characteristic can be
seen detailed on Fig 2-4. In these point wiew, it is fownd
that at the high speed of welocty magritude give the
lorer of presawe walue,

CONCLUSION

The transient atalysis of dynahic mesh was
successfully investigated with CFD code. The concept
predicted of the CFD model -waliddion has been
defined inthis thesis. The CFD model iz used for the flow
analyais the three dimensional wnsteady conditions. The
operatitg and  bowndsry  condition measwed
experim entally with the lower and hi gher presswre sensors
to measure presmwe Ofn Scavenging process. This
tesearch is sigrificantly importart to wanderstand the
design and characteristics on scavenging process, short-
circwititng on oylinder and exhaast pott.
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