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Shape Parameterization and Optimization
of a Two-Stroke Engine

Angelos P. Mimis, Malcolm I. G. Bloor† and Michael J. Wilson‡

The University of Leeds, Leeds, LS2 9JT United Kingdom

We demonstrate a procedure for designing and optimizing the scavenging properties of a two-stroke engine.
A method of surface design, known as the partial differential equation method, is used to represent the internal
geometryof the engine. We then run steady-statecomputational� uiddynamicscalculations to assess the scavenging
� ow inside the engine. To quantify the scavenging, the trapping ef� ciency is used, and calculated values of this
measure are obtained for different geometrical designs. We use a locally weighted regression-smoothing model to
� t the data, and then we optimize the resulting response surface. The optimization captured two local minima, one
of which corresponds to accepted manufacturing practice and the other one is a new and counter-intuitive way of
scavenging the engine, having optimum scavenging characteristics.

Nomenclature
C = contour
M = mass of air
n = number of particles
r0 = bore of the cylinder
u, v = surface parametric coordinates
V = volume of air
X = vector of Cartesian coordinatesof surface points
Xn = normal derivative along the boundary
x , y, z = Cartesian coordinates
xsu = derivative parameter of the transfer port,

in x direction, on C0

ysl = derivative parameter of the transfer port,
in y direction, on C1

ysu = derivative parameter of the transfer port,
in y direction, on C0

zsu = derivative parameter of the transfer port,
in z direction, on C0

a = smoothing parameter
q = density

Subscripts

s = supplied
t = trapped
0, 1 = upper and lower surface boundaries, respectively

Introduction

T HE use of two-stroke engines has been mainly promoted by
their simple design and manufacture, as well as their high

speci� c output and compact size. On the other hand, their main
drawback is their tendency to mix the incoming charge with the
combustion products and the passage of the charge directly into the
exhaustsystem.This resultsin highhydrocarbonemissionlevelsand
poor fuel economy.1,2 To overcome these shortcomings, the � uid-
dynamic interaction between the incoming air/fuel mixture and the
combustion residuals, called the scavenging process, needs to be
studied and optimized.

There are a number of methods for scavenging,dependingon the
� ow path in the cylinder and the position of the transfer ports. The
main methods are cross, uni� ow, and loop scavenging. The loop-
scavenged engine, on which most interest has concentrated, has
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various layouts in which the transfer ports (two or more) are located
symmetrically on either side of the exhaust port. Furthermore, the
objective is to produce a scavenging � ow directed toward the side
of the cylinder farthest away from the exhaust port.2

A � rst approach to investigate the scavenging of a two-stroke
engine can be made with ComputationalFluid Dynamics (CFD) for
predicting the gas � ow in the cylinder. In the past decade CFD has
beenused extensivelyin this areaof research,andseveralvalidations
of CFD multidimensionalcalculationshavebeenprovided,the most
detailed of which are given by Raghunathan and Kenny,3 Amsden
et al.4 and Haworth et al.5

Raghunathan and Kenny3 used the commercially available soft-
ware package STAR-CD to simulate the � ow in a motored, two-
ported loop scavenged engine by modeling the transfer duct, cylin-
der, and exhaust duct. The results indicated that the � ow within the
cylinder is highly complex and that the scavenging is affected by
the reverse � ow through the exhaust port. The in-cylinder velocity
� eld was accurately predicted after the closure of the transfer port.
Also, major differences in the predicted and the measured � ows
were noted, � rst within the transfer port because of � ow separation
and second because the � ow attachmentin the cylinderwall was not
replicated.

Amsden et al.4 used KIVA-III to calculate the three-dimensional
� ow of a motored crankcase-scavengedtwo-stroke engine. Trans-
fer ducts, cylinder, and exhaust port were modeled. Predictions
were compared with the measurementsof Fansler and French.6 The
in-cylinder velocities and pressures were found to agree with the
measured values.

Haworthet al.5 useda multidimensionalcalculationof scavenging
in a loop-scavengedengine to compare the computedmean and rms
velocities with laser Doppler velocimetry (LDV) measurements of
the same quantitiesin a commerciallyavailableengineundernormal
engine speed and � ow conditions.The geometry model includedsix
transfer ports, cylinder, exhaust duct, and a simpli� ed crankcase.

In all of these cases described, the multidimensional CFD mod-
eling has been validatedby comparison with the experimentalmea-
surements. However, even where CFD calculations have been used
as a cheaper alternative to experiment, the cost in terms of compu-
tational effort has prohibited their extensive use as a design tool.2

Another related problem is the need to represent the geometry of
the engine ef� ciently with as small a set of parameters as possible,
but at the same time to have suf� cient control of its shape to produce
an improvementin design.With the introductionof thepartialdiffer-
ential equation(PDE) method7,8 in geometricdesign, it is feasible to
design and alter the geometry of a two-stroke engine signi� cantly
by changing only a small set of design parameters. The method
has been previously used to demonstrate the ability to generate the
critical elements of the internal geometry of a two-stroke engine.9
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Also, steady-state CFD calculations have been performed and the
crucial effect that the transfer port design has on the scavenging
performance has been investigated.

The aim of our work is to expand this earlier research by de-
veloping a fully automated process that could be used at the con-
cept design stage to determine a con� guration that is near optimal.
A much-reduced calculation to expensive experimental validation
would then follow. This, in conjunction with the ability to rapidly
alter the geometry, gives us the opportunity to consider shape op-
timization in a small parameter design space. However, to perform
this automated procedure, a quantitativemeasure of the scavenging
performance of a two-stroke engine is needed.

Jante in her pioneering work10 introduced a method of assessing
the scavenging ef� ciency of a two-stroke engine. She proposed to
monitor the distribution of the scavenging air velocity above the
open cylinder and to represent it on a contour velocity graph. She
stated that “the scavengingcurrents must so interact with the piston
crown and the cylinder wall that a stable closed rising current is ob-
tainedon the wall opposite to the exhaustports, having its maximum
velocityat the wall and near zero velocitieson the line perpendicular
to the plane of symmetry and the cylinder axis.”10 With the use of
that idea she was able to distinguish“good” from “bad” scavenging
but no quantitative measure was determined.

Blair and Kenny11,12 improvedJante’s methodbyprovidingan au-
tomated way of collecting and processing the data required by the
method. They also proposed several quantities for measuring the
scavenging ability of an engine. These are the � ow-symmetry ratio
(FSR), mixing-length ratio (MLR), scavenged-area ratio (SAR),
and the dimensionlessscavengestrengthnumber(DSSN). However,
all of these parameters provide an indirect measure of scavenging.
Therefore, in this paper, a more direct measure based on trapping
ef� ciency2 (TE) is introduced and implemented.

In this paper, � rst the design of a two-stroke engine by the
PDE method is discussed. Then we give the results of steady-� ow
calculations,explainingthe capabilityof intuitivelygeneratingnew
geometries by altering a small set of parameters. Then the trap-
ping ef� ciency is de� ned and the effect it has on the scavenging is
explained. Finally, we use optimization techniques to examine the
scavenging performance by altering two of the design parameters
that may be regarded as the most important.

PDE Method
Here a brief description of the method for parameterizing the

engine geometry is given. The PDE method was introduced in the
area of computer-aided geometric design as a method for blend
generation.7 It was then extended to generate free-form surfaces,8

and its applicability to the design of a wide range of surface shapes
and objects, such as ship hulls,13 aircraft,14 and propeller blades,15

has been demonstrated.
The PDE method views surface generation as a boundary-value

problem, and it creates complex surfaces from a collection of indi-
vidual surface patches X(u, v ). Also, it regards each surface patch

X(u, v) [x(u, v), y(u, v ), z(u, v )] (1)

as a solution to a PDE for each of the Cartesiancoordinatesx , y, and
z, which are parameterized in terms of the independent variables u
andv . The functionX can be seen as a mappingfroma point (u, v) in
the parametric space X R2 into a point (x , y, z) in the Euclidean
space E3 R3 . In general X is a solution to a PDE of the form

Dm
u ,v (X) F(u, v ) (2)

where Dm
u ,v is a partial differential operator of the order of m in

the independent variables u and v and F is a vector function of u
and v. Because we want X to be generated from boundary curves
surrounding the patch and because it is required to be smooth, the
differential operator Dm

u ,v is chosen to be elliptic. In that way Dm
u ,v

acts as a smoothing process, giving X a value that is an average of
its neighboring weighted values. The actual weights and the details
of the averaging process depend on the operator D.

The PDE used most often in previous work8,16 is

@2

@u2
a 2 @2

@v2

2

X 0 (3)

A solution of Eq. (3) requires boundary conditions on X and its
normal derivative Xn along the boundary of the domain @X . The
derivative conditions Xn , which are usually expressed in terms of
the coordinatevectorsXu and Xv , can be used either as a design tool,
giving us the ability to specify the direction and speed in which the
surface propagatesaway from the boundary,or to impose continuity
betweenadjacentpatches.Also, the parameter a controlsthe relative
smoothing between the u and the v directions and is called the
smoothing parameter.7

A method16 has been introduced that allows PDE patches to be
obtained in closed form, even in the case of general boundary con-
ditions, providing us with a fast surface-generating technique. In
particular, the surface patch may be approximated by the expres-
sion

X(u, v ) A0(u)
N

i 1

[An (u) cos(nv) Bn (u) sin(nv )] R(u, v )

(4)

where N is � nite and R(u, v ) is a remainder term derived from its
form of the boundary conditions. The coef� cient functions An and
Bn have the following form:

A0(u) a00 a01u a02u2 a03u3 (5)

An(u) an1e
a nu an2ue a nu an3e a nu an4ue a nu (6)

Bn(u) bn1e
a nu bn2ue a nu bn3e a nu bn4ue a nu (7)

where a and b are constantvectors.These are determinedby Fourier
analysisof the boundaryconditionsand a comparisonof the Fourier
coef� cients with the values of the functions An and Bn .

The remainder function R(u, v ) is determined in such a way that
the patch satis� es exactly the boundary conditions imposed.16

Therefore a complex surface is built from a series of individual
patchesjoinedat their mutualboundaries.In ourcase, the two-stroke
enginegeometryhasbeenbasedon thatof a small chain-sawengine.

Geometry De� nition
In this section a brief description of the geometry used for the

two-stroke head is given. The dimensions of the engine are given
in Fig. 1, but for a detailed description, the reader is referred to
Dekanski et al.9

Fig. 1 Main dimensions of the cylinder (in millimeters).
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Fig. 2 Geometry of the two-stroke engine.

For the � uid-� ow analysis, it is suf� cient to model the internal
geometry of the two-stroke engine that, as can be seen in Fig. 2,
consists of the upper and the lower parts of the cylinder, the exhaust,
and the transfer ports. The geometry has been simpli� ed in that the
inlet port is assumed to be closed, and so is not modeled. Also
the piston is assumed to be � at, and a vertical plane of symmetry
has been introducedto cut down on computationaltime because that
does not affect the results.17 Thus the � ow entersthe lowerpartof the
crankcase and propagates to the upper part of the cylinder through
the transfer ports. Then it scavenges the cylinder by pushing the
combustion residuals into the exhaust.

Thus the geometry of the two-stroke engine has been created by
adding together the surface of the cylinder (represented conven-
tionally) and the exhaust and the transfer port, both generated as a
solutionof Eq. (3) by the impositionof appropriateboundarycondi-
tions. Furthermore, at the intersectionof the ports with the cylinder
geometry, the boundarynodes of the port and the cylinderhavebeen
connected consistently so as to ensure that no holes appear in the
model.

The exhaust port has been generatedby speci� cation of a contour
on the surface of the cylinder and a similar one on the exit of the
exhaust.These contoursare appropriatelyrectangularin shape with
radiused corners. With these as boundary conditions, the exhaust
patch is produced by the PDE method.

As is well known,2 the transfer port has a great impact on the
general performanceof the scavenging.In our model its surface has
been generated as a solution of Eq. (3) subject to position X and
derivativeXu boundary conditions speci� ed at the two contours C0

and C1 (Fig. 2).
For the positional boundary condition, C0 and C1 are de� ned as

isoparametric lines u 0 and 1, respectively, and they are given by

X(0, v ) 0.09r0 0.75xx , r 2
0 x2 z2

1
2 , c0 zz (8)

X(1, v ) 0.9xx , r 2
0 x2 z2

1
2 , c1 2zz (9)

where

xx 1.5 cos(v ) 0.12 cos(3v ) (10)

zz 1.5 sin(v) 0.2 sin(3v ) (11)

r0 is the bore of the cylinder and c0 and c1 are constants. In a similar
fashion we impose derivative boundary conditions Xu (0, v ) on the
contour C0 and Xu(0, v) on C1 , which are described simply by

Xu (0, v ) [xsu, ysu(2 z), zsu] (12)

Xu(1, v) (0, ysl, 0) (13)

By changing these parameters, xsu, ysu, zsu, and ysl, we can
create a � nger or cup-handled transfer port without any need of
redesigning the whole engine. Also, this straightforward approach
provides us with a wide variation of � ows if we just alter these

Table 1 Parameter values

Parameter Value

xsu 4.0
ysu 3.0
zsu 1.5
ysl 1.2

Fig. 3 Geometry of the two-stroke engine for xsu = ¡ 4 and zsu = 0.

Fig. 4 Geometry of the two-stroke engine for xsu = 4 and zsu = 3.

parameters. For example, we have generated two geometries by
altering only the two parameters xsu and zsu. In the � rst case we
have chosen xsu 4, zsu 0 and in the second one xsu 4,
zsu 3. As can be seen in Fig. 3, the transfer port has been directed
toward the exhaust port, which in the second case, Fig. 4, is toward
the back of the cylinder and up to the dome. This example demon-
strates the ease with which we can generate a two-stroke engine
with different transfer port angles.

We can make further changes in the geometry by altering the
shape of the boundary curves or the position at which the transfer
port intersects the cylinder. Both of these will result in an increased
number of design parameters, and so are ignored in the interest of
reducing computational time. Thus, for the purpose of this paper,
we restrict ourselves to changing only the angle of the transfer port,
i.e., the four parameters.

In Table 1, the valuesof the parametersfor the geometry speci� ed
in Fig. 2 are illustrated.

Steady-Flow Analysis
In recent years, as computational power has increased, papers

have appeared in the literature based on multidimensional calcula-
tions and comparisons with � red engine tests.3 5 Although these



MIMIS, BLOOR, AND WILSON 495

Table 2 Boundary conditions

Boundary conditions Value

Inlet velocity (m/s) 2.13
k (m2 /s2) 1
² (m2/s3) 1
Temperature (K) 300

papers carry out unsteady simulations of complete engine cycles,
they are extremely costly in computational time, and thus their ap-
proach is prohibitively expensive when used in the context of nu-
merical optimization.

A more convenient approach is to identify the favorite design
among various different geometries on the basis of a steady-� ow
calculation and then to produce a prototype in which to perform
� ring tests in order to determine the quality of scavenging.

Our approach is to calculate a steady � ow through the cylinder
in which the piston has been � xed at the bottom dead center, thus
keeping the transfer and exhaust ports continuously open. This is
based on the tests performed by Jante10 and the improvements pro-
posed by Blair and Kenny.12 Also quantitative support for this kind
of technique has been provided by the extensive LDV results pre-
sented by Fansler and French,6 in which a two-stroke engine under
motored conditions has been tested.

For the � uid � ow analysis, the commercial CFD package Flu-
ent v4.1 is used. First, the geometry is created as described in the
previous section. Then the preprocessorPreBFC is used to read the
geometry and produce an unstructured surface mesh, consisting of
triangular faces in three dimensions. The result is used by Tgrid,
which is the grid generationfacility of Fluent, to produce and re� ne
an unstructuredtriangular/tetrahedralgrid consisting,in our case, of

17,100 cells and having an overall skewness of 0.39. Finally the
solver Fluent/UNS (unstructured) is used to estimate the � uid � ow
in the domain de� ned by the grid. UNS is based on a � nite-volume
technique,and a second-orderupwind scheme has been used for the
solution of the conservationof mass and momentum. Also, because
the � ow into the cylinder is highly turbulent, the k–² model has been
implemented. To predict the � ow into the engine, UNS needs to be
provided with boundary conditionson the walls and inlet and outlet
surfaces as well as the � uid properties.

In Fluent, all the boundariesthroughwhich the � uid enters/leaves
the computational domain are considered as inlets/outlets. All the
other surfaces, except the symmetries, are consideredwalls and the
no-slip condition is applied.

In our model, the surface cutting the cylinder on the plane z
0.047(seeFig. 2) is de� nedas an inlet.Also, the exitof the exhaust

is considered an outlet.
A velocity inlet conditionhas been imposed in the inlet boundary

and an out� ow in the outlet. In the � rst case a velocity vector at the
inlet plane is required,whereas at the out� ow a zero normal gradient
for all � ow variables except pressure is assumed. The values of the
boundary conditions being used can be seen in Table 2 and are
in agreement with the previous research carried out in the same
geometry by Dekanski et al.,9 who used values for calculations of
actual enginedesigns.Also in the simulationprocedure,air has been
used as fresh charge for the engine.

Figure 5 illustrates the � ow of a few particles of fuel through
the engine designed in the previous section. As can be seen, the
scavengingof the engine is poor because most of the fresh charge is
directed straight into the exhaust.This increases the amount of short
circuiting, and it is one of the things we want to reduce, because it
directly affects the hydrocarbon emissions.18 The time needed for
one simulation was 90 min in Indy R4600 SC Silicon Graphics.

Assessment of Scavenging
Calculating particle � ow tracks for a steady � ow can be used to

give an insight of the scavenging performance of an engine. How-
ever, if we use optimizationmethods to improve scavenging, then a
quantitative measure is required.

Blair and Kenny12 have proposed several quantities to measure
the scavengingperformanceof an engine,suchas theFSR, theMLR,

Fig. 5 Particles � ow through the engine, colored by particle residence
time(s).

the SAR, and, most importantly, the DSSN. All of these are based
on the initial suggestion of Jante for ideal scavenging in which she
proposed recording the distribution of the scavenging air velocity
just above the opencylinderand plottingthe data in a contourveloc-
ity map.10 Furthermore Blair and Kenny have shown that if Jante’s
method is carried out with their quantitativemeasure, the DSSN, an
improvement in scavengingcan be achieved.More evidence for the
effectiveness of Jante’s method has been provided by Sanborn and
Roeder19 and Ishihara et al.20 Although Jante’s method has been
extensively used in the design of two-stroke engines during the
past 30 years, because it is not an absolute measure of scavenging-
ef� ciency-to-scavengeratio or trapping-ef�ciency-to-scavengera-
tio, it does not provide a direct comparison among the scavenging
� ows conductedin the enormousvariationof differentgeometriesin
existence.2 So, in order to compare the scavengingof the two-stroke
engine, the TE has been chosen as a measure of merit.

The TE is de� ned as the capture ratio of mass of delivered air
that has been trapped Mt to that supplied Ms .21 Thus, assuming that
Vt / Vs is the volume of the trapped/supplied air and nt / ns is the
number of particles trapped/supplied, each of volume Vp , we have
that

TE
Mt

Ms

%airVt

%airVs

nt Vp

ns Vp

n t

ns

(14)

So, in order to measure the TE, a mechanism of estimating the
number of trapped particles n t for each of the steady-�ow calcula-
tions performed is needed.

In a steady-�ow calculation, a number of marker particles can
be injected into the � ow, giving us details of their coordinates as
time progresses. So, assuming that t0 can be used as an appropriate
time scale, a direct comparison between the positionof the particles
and the position of the exhaust plane can give us the number of the
particles trapped n t in the cylinder after the engine cycle, and so
providing us with the TE of the engine.

For the purposes of optimization, the inlet surface has been di-
vided into small increments and 192 particles of anthracite,equally
spaced,havebeen injectedinto the � ow. Further, theseparticleshave
a constant diameter of 10 6 m and a mass of 8.11 10 16 kg. Then
the residence time for each of the particles has been calculated and
compared with the reference time of t0 0.02 s, which is the time
needed for a stroke when the engine operates at 1500 rpm.

Thus, by measuring the number of particles that have left the
cylinder after some speci� c time, we may try to optimize the scav-
enging performance of the two-stroke engine under consideration
by maximizing the TE or, in otherwords, by minimizingthe quantity
1 TE.
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Optimization
Now, to reduce the computational time of the optimization, we

restrict ourselves by taking into consideration only the shape pa-
rameters xsu and zsu that have the greatest impact on the geometry
of the transfer port. By varying xsu, we can direct the � ow toward
and away from the exhaust port. On the other hand, by changing
zsu, we direct the transfer port upward toward the dome or down-
ward toward the base of the cylinder. Furthermore, we bound these
parameters into the region of interest:

4.0 xsu 4.0 (15)

0.0 zsu 3.0 (16)

The � rst experimentscarried out revealed that the objective func-
tion, i.e., the TE, varies nonsmoothlywith its shape parameters and
contains noise that is due to the numerical simulation of the com-
plex � ow in the engine. Therefore a naive applicationof a gradient-
basedoptimizationmethod, such as quasi-NewtonBFGS (Broyden-
Fletcher-Goldfarb-Sanno)22 could not be applied in our problem. A
different approach to analyzing noisy data is to � t a surface to the
data points locally, so that at any point the surface depends on only
the observationsat that point and a speci� c number of neighboring
points.23 Then, having a smooth objective function,we can perform
optimization by using any standard technique. This is sometimes
an attractive solution because it relies on the data to specify the
form of the response surface, yet it does not require an advanced
optimization method in order to avoid noise.

With this approach,211observationsfordifferentgeometricalde-
signs in the domain of interestwere made and the residence time for
192particlesrecordedin each case.The locallyweightedregression-
smoothing model24 was implemented, and the function produced
can be seen in Fig. 6.

It should also be noted that changes in the number of particles
have negligible effect on the calculationof the TE. Similarly, when
k–² boundary conditions are altered, no signi� cant changes are ob-
served.Further, althoughan increasein the nodedensity of the mesh
does result in a signi� cant change in the TE, the overall behaviorof
the � tted surface remains the same; in other words, the same trends
are observed and the same optimum found.

Results
As canbe seenfrom thegraphof Fig. 6, thereare two localminima

in the domain of interest, both of them lying within the boundaries
of the domain. This has been con� rmed by optimization applied
to the smoothed objective function that provide us with the local
minima values, presented in Table 3. Although both of them occur
for almost the same value of the shape parameter zsu, the value of
xsu in these two cases, is diametrically opposite. In the � rst case

Fig. 6 Surface of TE, we obtained by � tting the � uid-� ow results, for different geometrical designs by using the locallyweighted regression-smoothing
model.

(minima A), the transfer port is directed toward the exhaust port
whereas in the second (minima B) the port is directed toward the
back of the cylinder.

Comparingthese two points,we cansee that pointA is theminima
of the domain of interest, providing us with optimal values for the
parameters xsu and zsu. The � uid � ows of both of these have been
calculated,and the resultsarepresentedin the formof particle tracks
in Figs. 7–10.

In Figs. 7 and 8, which correspond to minima B in Fig. 6, the
transfer port is directed away from the exhaust port and toward
the middle of the dome. Therefore the � ow goes up to the dome,
coming back to the left of the transfer port and going down the
cylinder before moving toward the exhaust. This results in a � ow
that scavenges the whole of the cylinder and intuitively has been

Table 3 Local minima of the
objective function

Variable Minima A Minima B

xsu 4.0 2.1
zsu 2.7 3.0
1 TE (%) 1.12 3.18

Fig. 7 Fluid � ow through a transfer port directed into the back of the
cylinder (xsu = 2.1 and zsu = 3.0).
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Fig. 8 Fluid � ow through a transfer port directed into the back of the
cylinder (xsu = 2.1 and zsu = 3.0).

Fig. 9 Fluid � ow through a transfer port directed toward but above
the exhaust of the cylinder (xsu = ¡ 4.0 and zsu = 2.1).

expected to be the best case in the domain of optimization and
corresponds to accepted manufacturing practice.

On the other hand, the case of minima A gives a ratherunexpected
result. As is illustratedin Figs. 9 and 10, the � ow is directed toward
but above the exhaustport, then follows the dome to the back part of
the cylinder,going down the back wall and then to the exhaust at the
end, suggesting a new ef� cient way of scavenging the two-stroke
engine. Following this path, the � ow obeys the � rst principles of
scavenging, that is, it does not create short circuiting and it pushes
the burnt gases into the exhaust without mixing with them. There-
fore a qualitative comparison of the scavenging between the two
cases (minima A and B) based on the � uid-� ow calculations per-
formed illustrates the way in which the � ow behaves and con� rms
the initially counterintuitivecon� guration A as optimal.

It is worth emphasizing that this result does not conform to ac-
cepted design practice. As has been already mentioned, in the de-
signing of two-stroke engines, the transfer port is directed toward
the wall opposite the exhaust, rising up on the back of the cylinder
and through the dome, and � nally moving downward to the exhaust.

A qualitativedifferencein the � uid � owbetweenthe two optimum

Fig. 10 Fluid � ow through a transfer port directed toward but above
the exhaust of the cylinder (xsu = ¡ 4.0 and zsu = 2.1).

cases is that, in case A, the particles move in such a way that they
tend to displace and not mix with the combustion residual, whereas
in case B, there appears to be more likelihood of mixing.

Conclusions
We have presented a method for the automated design of a two-

stroke engine that gives us the ability to change several parameters
and to produce different geometries with a great variety of � uid
� ows in the cylinder. The cylinder, transfer ports, and the exhaust
have been incorporated into the geometric model. From Dekanski
et al., four important parameters affecting the transfer port and di-
recting the � ow into differentparts of the cylinderhave alreadybeen
considered.9 We have limited ourselves to the variation of two of
these parameters, and, by introducing a measure of merit related to
the TE of the engine, we were able to compare and distinguish the
performance of different geometries.

By calculating the value of our objective function TE at different
points in the domain of interest, we were able to � t a smooth func-
tion to the whole domain, which provided us with a overview of
the performance of the different engines. Further, an optimization
techniquewas applied to capture numerically the two local minima,
which have been observed on the graph of the objective function.
One of the minima, referred to as B, correspondedto the usual scav-
enging mechanism discussed in the literature, namely, to direct the
transfer ports away from its exhaust port. However, minima A, in
which the transfer port is directed toward the exhaust, actuallygave
better scavengingcharacteristicsto the engine.This conclusionwas
supported by the � ow diagram produced to examine the validity of
the result and con� rm the belief that a new ef� cient way of scav-
enging the engine has been found. It remains to be seen whether the
result can be validated by � red engine tests.

The procedure suggested is fully automated and can be used to
examinethe effectivenessof different two-strokeengines,especially
in cases in which there is lack of experimental results. It provides
the engineer with a quick and effective method to model and alter
the geometry of the engine as well as a small set of parameters that
makes it feasible to perform optimization techniques.
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