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ABSTRACT 
A multidimensional calculation method is used to investigate the flow in a motored two-stroke engine. 
The governing equations are written in a moving-coordinate system such that the grid can move with the 
piston. Grid lines are added into or deleted from the computational domain, depending on opening or 
closure of the ports. The EPISO algorithm is modified and adopted as the solution procedure. Calculations 
are performed on an engine of loop-scavenged type. Details of the gas exchange process and the flow 
structure in the cylinder are shown. The effects of the engine speed, inlet discharge coefficient and the angle 
of boost port are examined. 
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INTRODUCTION 

The advantages of the two-stroke engine over the four-stroke engine are its mechanical simplicity, 
ease of maintenance and high power density. However, the use of two-stroke engines in modern 
power plants is mostly limited to light devices such as motorcycles, outboard motors, lawn 
mowers, etc. Its major drawback lies in the fact that considerable amount of fuel is lost due to 
the short circuiting of unburnt fresh charge to the exhaust. This inevitably causes a high level 
of hydrocarbon emission and deteriorates the fuel economy. To regain attraction for the 
two-stroke engine, one of the promising methods is the use of direct fuel injection1-3. With this 
method fuel-free fresh air is supplied during the gas-exchange process. The fuel is injected into 
the cylinder after most of the burnt gas is swept out of the cylinder or after the exhaust port is 
closed. As a consequence, the gas field built-up by the scavenging process will also be responsible 
for the fuel atomization, evaporation and mixing with the fresh charge. Therefore, a better 
understanding of the in-cylinder flow field becomes necessary. 

In recent years, the newly developed technologies, such as the multidimensional calculation 
method and the laser doppler anemometry (LDA), have been adopted to study the flow in IC 
engines. The present study is concerned with the use of a multidimensional method to investigate 
the flow in a loop-scavenged two-stroke engine. 

Sher4,5 has used a quasi-three-dimensional model to simulate the gas exchange process in a 
loop-scavenged engine of Schnurle type. Since the flow is inevitably three-dimensional, not much 
of the flow structure was revealed in the studies. Details of the three-dimensional flow in the 
cylinder with a curved cylinder head were reported in the work of Ahmadi-Befrui et al.6. Their 
results showed that a loop flow and a pair of toroidal vortices are formed in the cylinder during 
the scavenge period and the vortex structure is responsible for impairment of the scavenging 
efficiency. The flow structure was found to be sensitive to the layout of the scavenge system. 
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Sweeney et al.7 used the PHOENICS code8 to investigate the scavenging characteristics of 
different port designs. The ranking of the cylinders based on their predictions was found in 
agreement with the experimental results. However, the predicted scavenging efficiencies for all 
cylinders were about 10% higher than the measured ones. 

In the above calculations the efflux velocities at the scavenge ports were assumed to be 
uniformly distributed and directed in the angle of the port design. Smyth et al. adopted LDA 
to measure the efflux flow characteristics for a "cup-handle" type of scavenge port at different 
openings under either steady flow conditions9 or low-speed motored conditions10. It was found 
that the uniform velocity profile was reasonably realistic. However, the flow issuing from the 
transfer ports did not flow in the port design direction at any port opening. There existed a 
good correlation between steady flow and motoring tests, justifying the use of steady flow 
information for dynamic simulation. With incorporation of the measured relationship between 
the efflux angle and the port opening under either steady or motoring conditions, the prediction 
of scavenge efficiency was significantly improved over that using the port-design angle as efflux 
angle. Epstein et al.11, using the KIVA-II code12, extended the computational domain into the 
exhaust and scavenge ports. This eliminates the need to specify boundary conditions at the 
openings of the ports. Their results showed that the flow field within the cylinder and the trapping 
efficiency are dependent on the angle of the boost port. 

The solution method used in the works of Sher4,5 and Ahmadi-Befrui6 is similar to the RPM 
method developed by Gosman and his co-workers in the seventies13 to calculate the flow in 
four-stroke engines. This method adopts an iterative procedure, like the one used in the SIMPLE 
algorithm14, in each time step. Consequently, a large amount of computer time is consumed. 
To alleviate this problem, a non-iterative method, named EPISO, was later devised and applied 
to four-stroke engine calculations15-19. This method adopts the predictor-corrector concept of 
the PISO algorithm20 and thus dispenses with iterations. Besides, it retains the fully implicit 
characteristics as the RPM method. Therefore, large time intervals are allowed in the calculations. 

In this study, the flow in a loop-scavenged two-stroke engine with four transfer ports and one 
boost port is under investigation. The EPISO method is modified and applied. The flow 
characteristics in the cylinder, during the gas exchange period and the compression stroke, is 
examined in detail. Also investigated are the effects of the engine speed, the inlet discharge 
coefficients and the angle of the boost port. 

MATHEMATICAL MODEL 
Governing equations 

The flow in the cylinder is inevitably unsteady, three-dimensional, turbulent and compressible. 
The governing equations are written in the density-weighted Favre-averaged form to account 
for density variations due to compressibility effects. The turbulence of the flow is modelled using 
the k-ε model of Launder and Spalding21. However, to account for the compressibility effects 
by the moving piston the Reynolds modification22 is employed in the calculations. The coordinate 
system adopted is that, as shown in the schematic drawing of a grid layout in Figure 1, two 
coordinates ξ and η are orthogonal to each other and perpendicular to the cylinder axis z. Since 
the boundaries of the flow field in the cylinder is moving in accordance with the motion of the 
piston, the grid in the z direction is allowed to expand and contract with the piston motion in 
the following way. 

As shown in Figure 1, there are two lines KSP and KEP corresponding to the upper edges 
of the scavenge and exhaust ports, respectively. The two lines divide the cylinder volume into 
three regions. Whenever the piston moves into one region, the grid lines in that region are set 
in motion with the piston but the grid lines in other regions are fixed without moving. Grid 
lines in regions I and II are added into or deleted from the computational domain depending 
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on whether the region is opened or closed at that instant. The addition or deletion of grid lines 
can be implemented simply by changing the starting K index in computations. For example, to 
discard the region I when the scavenging ports are closed the solution sweep starts from K = KSP 
instead of K = 2. The grid velocity is defined as: 

where wpist is the piston speed, zg and zpist are the instantaneous distances from a reference 
location to the grid line and the piston face, respectively, and za is the axial distance of the upper 
boundary of the considered region, i.e. za = zsp, zep or zhead depending upon if the piston face is 
located in the region I, II or III (Figure 1). It is obvious that the grid velocity varies linearly 
from zero at the top to the piston speed at the bottom in the considered region. The final 
equations for the transport of the momentum, energy, turbulent kinetic energy k and its 
dissipation rate ε can be cast into a general form: 

where ΔV is the volume of the considered cell, u and v are the velocities in the ξ and η directions, 
respectively, and ŵ is the axial velocity relative to the moving-grid velocity ŵ = w — wg. In the 
above equation ∂/∂ζ = 1/zh·∂/∂z, where zh represents za — zpist in the moving grid region and 
unity elsewhere. Details of Γф and Sф are given in Table 1. 
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Boundary conditions 
There are three kinds of boundaries encountered: solid walls, symmetry plane and port 

openings. At solid walls the wall function is used to bridge near-wall region21. Since the ports 
are arranged such that they are symmetric to a plane containing the cylinder axis and through 
the exhaust port, only half a cylinder is considered in calculations (see Figure 2). On the symmetry 
plane the velocity component normal to the plane (the velocity v) is set to zero and zero flux 
condition is imposed for all other variables. Velocities must be specified at the openings of the 
scavenge and exhaust ports. The mass flow rate through these ports are modelled by a 
one-dimensional flow as: 

= CdA(2puΔP)1/2 (3) 
Here Cd represents the discharge coefficient of the flow through the considered port, A is the 
area of the port opening, and ΔP is the effective pressure drop across the port determined from: 

In the above, the subscripts "u" and "d" stand for the conditions upstream and downstream of 
the inlet or exhaust flow, respectively, and γ is the ratio of specific heats. Given as an example, 
for a flow into the cylinder through the scavenge ports, the upstream and downstream conditions 
are designated as those in the crankcase and cylinder, respectively. 

The pressures in the crankcase and outside the exhaust port are assumed known. The average 
cylinder pressure can be obtained by solving simultaneous equations expressing the overall 
balance of mass and energy in the cylinder, as will be shown in the next section. The velocity 
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is assumed to be distributed uniformly over the opening area. The plug velocity profile is justified 
by the LDA measurement of Smyth et al.9,10. Their experiments also revealed that, as mentioned 
before, the flow entry angle varies with the port opening height. However, constant entry angles 
are assumed in the present calculations, as shown in Figure 2, because there is no experimental 
data available for the present case. It is inferred, based on the results of Smyth et al., that the 
main features of the flow structure and the scavenging process are not altered, but the details 
are affected by this assumption. 

The turbulent kinetic energy at the inlet is given as one percent of the inlet mean kinetic 
energy and the turbulent length scale is 4.5 percent of the port opening height. The temperature 
at the inlet and on all the walls is assumed to be 310°K. 

METHOD OF SOLUTION 
Discretization 

The discretization is performed in the physical space following a finite volume approach. The 
staggered grid arrangement is used, in which the scalar properties are located at the center of 
each control volume and the velocity components are placed on the surrounding face points. 
The difference equations are obtained by taking integration of the differential equations over a 
control volume. Convection terms are approximated by the hybrid central/upwind differencing. 
The temporal difference used is the fully implicit scheme. The difference analogue of the equation 
(2) can be finally written as: 

where the superscripts n and o denote the new and old time levels, respectively, the subscripts 
P stand for the considered nodal point P, the subscripts c denote the points surrounding the 
point P and the symbol Σ represents the sum over the surrounding points, the coefficient simply 
designates (poΔVo)P/Δt, where ΔV is the volume of the cell. 

It should be pointed out that the grid spacings in the axial direction in the computational 
region I or II defined in Figure 1 are very small when the region is just opened or nearly closed. 
Thus the expansion ratio of the cells adjacent to the region interface becomes extremely large. 
This may deteriorate the computational accuracy as seen from the Taylor series truncation 
analysis. 

EPISO algorithm 
It is known that the continuity and momentum equations are strongly coupled through the 

dependence of velocity on the pressure, or vice versa. The PISO algorithm20 handles the 
pressure-velocity coupling by an operator-splitting method involving a series of predictor and 
corrector steps. In this method, linearized momentum equations are first solved in a fully implicit 
fashion using the prevailing pressure field. The velocities and pressure are then adjusted via a 
number of corrector steps. It has been shown by Issa20 that although the velocity field after the 
first corrector satisfies continuity, the momentum equations still suffer from mass imbalance left 
by the predictor velocities. This error diminishes when more correctors are used. As shown by 
Issa, the accuracy of the solution is within in the temporal truncation error after two correctors. 
Thus only two corrector steps are needed in the PISO algorithm. 

Because of the displacement of the piston, the fluid in the cylinder is subject to bulk temporal 
changes in the pressure, temperature and density during the compression and expansion strokes. 
The changes, though smaller, are also existent during the gas exchange period due to the 
constrictions in the scavenge and exhaust ports. A process to treat the bulk changes is an 
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important feature of the EPISO method. The present treatment is somewhat different from that 
used in References 18 and 19 and will be given below. 

In the following, each step of the EPISO method is briefly described. More details can be 
found in References 18 and 19. 

Step 1. Grid adjustment: At each new time step the axial positions of the points in the 
moving-grid region are adjusted according to the prescribed grid velocity given in (1). 

Step 2. Port flow calculation: The mass fluxes into and out of the cylinder are calculated 
according to equation (3), and then the flow velocities are imposed at the port openings as 
boundary conditions. 

Step 3. Bulk adjustment: Before solving the flow field, the density, pressure, and temperature 
are globally adjusted such that the overall mass and energy in the cylinder are conserved. As 
in thermodynamics, the entire cylinder is treated as a single control volume. The conservation 
equations of mass and energy for such a control volume are given as: 

where McyI and Ecyl stands for the total mass and internal energy in the cylinder, respectively, 
the subscripts in and out denote the inlet and outflow fluxes, is the total heat flux across the 
cylinder wall, cylinder head and piston head, is the work done by the piston motion. The 
two equations are discretized as follows: 

The cylinder mass and energy can be calculated through summation of the corresponding 
properties in all the cells in the cylinder. As an example: 

where the subscripts "i" refer to the ith cell of the computational grid. In the following, global 
increments of the pressure, temperature and density are sought. Let: 

pni = pi + p+ (13) 
pni = pi + p+ (14) 
Tni = Ti+ T+ (15) 

where pi, pi and Ti are the prevailing local values and p + , p+ and T+ the global increments. 
The equation of state is now introduced: 

where the ideal gas is assumed. The internal energy is related to the temperature via the 
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thermodynamic relation e = CvT. Substituting the above equations into equations (9) and (10) 
yields: 

where Apist is the cross-sectional area of the piston head. These bulk adjustments provide an 
initial estimate of the pressure level for the new time step. 

Step 4. Momentum predictor: The discretized momentum equation for each velocity 
component ui is linearized by evaluating the coefficients Ap and Ac and the source S from the 
old-time-level velocities and prevailing density. In the following expression the pressure term is 
separated from the source and the prevailing pressure field is denoted as p*: 

where the symbol Δp is the difference form of the pressure gradient for the ui momentum equation 
and a1 is the area of the considered cell face. By solving the linear set of equations the first 
approximation of velocity u*i is obtained. 

Step 5. First momentum corrector: The first momentum corrector equations are written as: 

in which the symbols "**" designate the corrected values. By subtracting the predictor equation 
(19) leads to: 

P*p*u*i*P = p*Pu*iP - P*pAiΔip' (21) 
where p' is the pressure correction (≡ p** — p*). With a linearized equation of state: 

a Poisson type difference equation for p' can be derived by taking divergence of the above 
correction equation and forcing p** and ui** to satisfy the continuity equation: 

Once p' is obtained, the pressure is upgraded to p** level and the density and velocities are 
corrected accordingly via equations (22) and (21). 

Step 6. Energy calculation: The energy equation is solved in this step. 
Step 7. Second momentum corrector: The velocities ui** satisfy the continuity constraint. 

However, the neighbouring-points contributions to the momentum equation in the first corrector 
equation include the velocity field u*i which does not satisfy the continuity. In this step, velocities, 
denoted by ***, are sought by solving the following equation: 
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In the same way as in the first corrector, a pressure correction equation for p" (≡ p***' — p**) 
can be derived in the similar form as equation (23) with the same coefficients, but different 
source terms. After obtaining p", the pressure, density and velocities are corrected to the *** level. 

Step 8. Turbulence predictor step: The predictor step entails sequential solutions of the k- and 
ε-equations to yield an initial estimate of the turbulence and dissipation. 

Step 9. Turbulence corrector step: The k- and ε-equations are strongly coupled through their 
source terms, i.e. the generation and dissipation terms. In this step, the contributions from 
neighbouring points to the discrete k- and ε-equations through the convection and diffusion are 
maintained at the predictor level and the source terms are upgraded. In this way the equations 
at each mesh point are decoupled with the equations for the surrounding points. The resulting 
equations are two second-degree equations18,19 which can be solved by, for example, the 
Newton-Raphson method. It was shown18 that each of the equations represents a set of 
hyperbolic curves. There exists four roots determined by the intersections of the curves. One 
trivial solution is that k = 0 and ε = 0. There are two non-physical roots with negative k and/or 
ε. The existence of the multiple roots may cause an iterative solution procedure to select one of 
the unrealistic solutions. Therefore it is necessary that a good initial guess must be provided. 

Step 10. Fresh-charge-concentration calculation: It is important to examine the scavenging 
efficiency for two-stroke engines. Therefore, a transport equation for fresh-charge-concentration 
is solved after the entire flow field is upgraded to its final level. The mass fraction of fresh air 
entering at the scavenging ports is assigned the value of unity as the inlet boundary condition 
and that of residual gas initially residing in the cylinder is zero. 

The above ten steps complete the solution procedure in one time step. The calculation is then 
advanced to the next time step and re-commenced from the first step. 

RESULTS 

The engine tested is of the loop-scavenged type equipped with flat piston and cylinder heads 
and two kinds of transfer port (denoted as ports B and C in Figure 2) and one boost port 
(denoted as port A in Figure 2). The design angles of the ports are displayed in Figure 2. The 
other engine specifications are given in Table 2. 

The arrangement of the intake ports around the cylinder liner is symmetric with respect to 
an axial plane through the exhaust port. Therefore the calculation is confined within half the 
cylinder domain. A typical grid used in the calculations is shown in Figure 3. To test the effects 
of grid density on the predictions the variation of the cylinder-averaged fresh-charge-
concentration against crank angle predicted using four different grids is shown in Figure 4. As 
seen from the figure, the level of concentration in the cylinder is lower for high grid densities 
after the scavenging process is completed. This simply reflects that with high grid density the 
mixing of fresh air with residual gas is enhanced and, thus, more fresh charge escapes out of 
the cylinder during the scavenging period due to short circuit as will be seen later. In the figure 
the difference between the predictions by the 25 * 45 * 45 grid and the 35 * 55 * 55 grid is minor. 
Although it cannot be concluded that these results have been grid independent, they may be 
accurate to some certain levels. Owing to the limitation on access to large computer resource, 
the 25 * 45 * 45 grid was finally adopted in the calculations throughout this study. 

For the calculation of mass fluxes through the scavenge ports, the pressure in the crankcase 
is set at 0.12 MPa and the discharge coefficient at 0.7. As for the exhaust flow, the outside air 
is at atmospheric condition and the discharge coefficient is 0.9. All calculations commence from 
EPO (i.e. 108° CA) and end at TDC. Initially, the flow is assumed to be quiescent in the cylinder. 
The initial pressure is 0.25 MPa. 

In the following, the flow quantities such as the velocity of the flow through the ports and 
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the cylinder pressure are presented. Then the plots of velocity vector and fresh-charge-
concentration contour are displayed. This is followed by a parametric study in which the effects 
of the engine speed, inlet discharge coefficient, and the angle of the boost port are examined. 

The temporal variation of the inlet and outlet radial velocities through the scavenge and 
exhaust ports, calculated using the method described above, is shown in Figure 5. The velocities 
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Table 2 Engine specification 

Cylinder bore 
Clearance 
Stroke 
Compression ratio 
Engine speed 
Exhaust port opening 
Exhaust port closure 
Scavenge port opening 
Scavenge port closure 

74 mm 
8.15 mm 

75 mm 
10.2 

3000 rpm 
108° CA (ATDC) 
252° CA (ATDC) 
126° CA (ATDC) 
234° CA (ATDC) 

are related to the pressure in the cylinder, which is displayed in Figure 6. After the exhaust port 
is opened, the gas in the cylinder is expelled into the exhaust port at a high speed. During the 
period from EPO to SPO, the change of the outlet velocity is small despite the rapid decrease 
of the cylinder pressure. After the scavenge ports are opened, the decreasing rate of the outlet 
velocity is accelerated while that of the cylinder pressure remains high. Since the cylinder pressure 
at SPO is higher than the prescribed pressure in the crank case, the gas is also expelled through 
the scavenge ports, resulting in negative inlet velocity. The sharp decrease of the cylinder pressure 
continues until about 142° CA. It is followed by levelling off of the pressure with slight variation 
throughout the remaining scavenge period. It has a minimum value of 0.1089 MPa at 156° CA 
which corresponds to the time of maximum inlet velocity and minimum outlet velocity. It can 
be observed that although the change of the cylinder pressure is small during the period, its 
effects on the variation of flow velocity is still substantial. After the scavenging ports are closed, 
the cylinder pressure is recovered gradually and the outlet velocity increases sharply. In the 
compression stroke, the cylinder pressure increases until TDC. Also presented in Figure 6 during 
the compression period is a curve corresponding to isentropic compression. The difference 
between the predicted and the isentropic value is due to the heat transfer out of the cylinder. 

To illustrate the flow structure, the plots of velocity vector and fresh-charge-concentration 
contour are presented at selected axial planes and crank angles. The axial planes are referenced 
by their J indices as defined in Figure 3. To calculate the fresh-charge concentration one more 
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transport equation is needed to be solved. The value of zero concentration is assigned to the 
residual gas in the cylinder at EPO as initial condition and the value of unity to the fresh charge 
emerging from the scavenging ports. The residual gas and the fresh charge are assumed to have 
the same molecular weight. Therefore the equation for the concentration is decoupled with the 
other equations. 

The flow field for 180° CA is illustrated in Figure 7. The vector plots (Figure 7a) showed that 
the fresh charge issuing from the boost port (J = 2 plane) is directed upward toward the cylinder 
head and the flow out of the two transfer ports (J = 18 and 27 planes) merge at the center region 
as a rising stream also toward the cylinder head. A toroidal vortex is formed at both sides of 
the rising stream. The gas in the region near the exhaust port is expelled. The distribution of 
the fresh charge concentration depicted in Figure 7b shows that the 0.6 contours have reached 
the exhaust port, indicating the formation of a loop circuit connecting the scavenge ports and 
the exhaust port. The plume shape of the contour lines in J = 18 and 27 planes reflects the rising 
flow structure and the effects of the toroidal vortex. The fresh charge and the residual gas are 
mixing within the vortex flow. 

After the scavenge ports are closed, Figure 8a for 240° CA shows transformation of the loop 
flow into a tumbling motion. The single tumbling vortex dominates the flow structure over 
most of the cylinder volume. The concentration (Figure 8b) is distributed with higher levels over 
the cylinder head than on the piston head. There exists direct escape of fresh charge into the 
exhaust port. 

At 300° CA (Figure 9a), corresponding to the mid-compression period, the tumbling vortex 
is compressed by the motion of the piston and its strength has already decayed. Because of 
turbulent mixing, the distribution of fresh charge, depicted in Figure 9b, becomes rather uniform. 
As a result of the transport by the tumbling motion, higher levels of concentration are now 
distributed over the piston head rather than over the cylinder head. 

By 330° CA the flow in the cylinder is further compressed. The mean flow has decayed to a 
large extent and the tumbling flow disintegrated (Figure 10a). As for the concentration, the 
distribution now is quite uniform with the levels in the range 0.78-0.83. 

The engine speed used in the above calculation is 3000 rpm. Two other speeds, i.e. 1500 rpm 
and 4500 rpm, have also been tested. The temporal variation of the overall mean kinetic energy 
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in the entire cylinder for the three speeds is shown in Figure 11. The energy increases sharply 
during the early scavenge period because a large amount of fresh charge is introduced into the 
cylinder. It is then followed by a rapid decay. The decay rate slows down during the compression 
stroke. By the end of compression, the mean kinetic energy falls to a very low level. It is noted 
that during the gas exchange period the peak level is higher for the lower speed cases because 
more fresh charge is introduced into the cylinder for them (note that for the same time interval 
in terms of crank angles, the elapsed time is longer if the engine speed is lower). However the 
decay rate is also higher for the low engine speeds. Consequently, the energy level becomes 
lower after closure of the scavenge ports. 

In Figure 12 the variation of the cylinder-averaged turbulence intensity against crack angle 
is depicted. The values are normalized by the mean piston speed for the case of 3000 rpm 
( = 7.5 m/s). Similar to the mean kinetic energy, the turbulence increases rapidly in the 
early scavenge stage and then declines sharply. The turbulence levels are higher for the lower 
speeds in the early period and fall to a lower level later. The curves tend to level off during the 
mid-compression stroke, followed by a sharp decrease to the end of compression. The turbulence 
values at TDC are about 0.3 0.6 and 0.9 for the speeds of 1500, 3000 and 4500, 
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respectively. Thus it can be concluded that by the end of compression, turbulence level is scaled 
with the engine speed and is about 0.6 times of the mean piston speed. The above results are 
roughly consistent with the findings in other works.17,18,23 

The effects of discharge coefficient are examined next. In addition to the value 0.70 for the 
inlet Cd used above, the values 0.5 and 0.8 have also been tested. Increasing the discharge 
coefficient means an increase of the scavenge flow velocity. Therefore, more turbulence is 
generated during the scavenge period, as shown in Figure 13. However, the rapid decay in the 
later stage results in the same level of turbulence by TDC, irrespective of the discharge coefficient. 
The effect of the Cd on the scavenging efficiency is shown in Figure 14. Also presented in the 
same figure are the curves for the perfect displacement and perfect mixing models. As expected, 
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the current predictions are located within the two extreme models and the higher is the Cd value, 
the larger is the scavenge efficiency. 

The last to study is the angle of the boost port. The value of 52.5° was used in the previous 
calculations. Also studied are 40°, 65° and 77.5°. It is noted that increase of the angle will cause 
increase of the inlet axial velocity in the calculation, but the radial velocity remains unchanged. 
The variations of the cylinder-averaged fresh-charge-concentration and the scavenge efficiency 
are displayed in Figures 15 and 16, respectively. In the early stage, the higher angles lead to 
higher scavenge efficiency and higher level of concentration because more fresh gases are directed 
toward the cylinder head and, thus, there is less chance for them to escape into the exhaust 
port. However, the order of merit is changed later due to the fact that the high-speed gases for 
the high angle cases loop more quickly around the cylinder, resulting in more serious 
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short-circuiting. By the end of the scavenging process, the ones with 40° and 52.5° rank best 
and that with 77.5° is the worst. This indicates that optimization on the port angle is necessary 
for a good design. It is interesting to note that the angle 52.5° is taken from a production engine. 

CONCLUSIONS 

A model for the flow in a loop-scavenged two-stroke engine has been developed. The model is 
formulated on a moving frame such that the computational grid moves in accordance with the 
piston motion. The EPISO algorithm is adopted and modified as the solution method. Results 
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have shown the following main findings: 
1. A loop circuit is formed between the scavenge ports and the exhaust port during the gas 

exchange period. The loop flow is transformed into a tumbling vortex after the ports are closed, 
which dominates the flow structure in the cylinder till the late compression period. 

2. Turbulence is generated during the early scavenge period and then decays. The turbulence 
intensity near TDC is linearly scaled with the engine speed. By the end of compression it is 
about 0.6 times of the mean piston speed. 

3. The inlet discharge coefficient has large effect on the efficiency of the gas exchange process. 
With larger discharge coefficient, the scavenge efficiency is improved. 

4. The angle of the boost port also affects the scavenge efficiency. This angle needs to be 
optimized for design of a good engine. 
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