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Summary. We study the effect of piston motion on the in-cylinder swirling flow in a low speed,
large two-stroke marine diesel engine. The work involves experimental, and numerical simulation using
OpenFOAM platform, Large Eddy Simulation was used with three different models, One equation Eddy,
Dynamic One equation Eddy, and Ta Phouc Loc model, to study the transient phenomena of the flow.
The results are conducted at six cross sectional planes along the axis of the cylinder and with the piston
displaced at four fixed piston positions covering the air intake ports by 0%,25%, 50%, and 75% respec-
tively, for the fully opened case LES model with 8/12 million mesh points were used. We find that the
flow inside the cylinder changes as the ports are closing, from a Rankine/Burger vortex profile to a solid
body rotation while the axial velocity profiles change from a wake-like to a jet-like profile.

1 INTRODUCTION

In two stroke engines, compared to 4-stroke engines, the removal of exhaust gases and supply of fresh
air for the next cycle is carried out simultaneously using the scavenging process. Scavenging is carried
out using air entering the cylinder from intake ports at the cylinder liner walls near the bottom dead
centre and scavenging the exhaust gases from cylinder through the exhaust port. The scavenging process
removes the exhaust gases, provides fresh air to the engine , and provides the necessary swirl to the flow
in which the diesel fuel is to be injected. This makes the scavenging process very important for engine
performance and efficiency both in terms of fuel consumption and emissions. Swirling flows are widely
used in industrial applications e.g. cyclone separators, swirl combustors etc. Previous studies1 2 3 involve
swirl generators using guide vanes that divert the radially incoming flow and impart the tangential com-
ponent. In the present study we focus on the swirling flow in the presence of an obstructing piston and
the resulting in-cylinder confined swirling flow.
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2 NUMERICAL METHODS

2.1 LARGE EDDY SIMULATION

We study the swirling flow numerically using large eddy simulations. The governing equation are the
spatially filtered Navier-Stokes equations:
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where t denotes the time, ui is the velocity component in Cartesian coordinates, ρ is the density, p is the
pressure, and ν is the kinematic viscosity. As a result of the spatial filtering the subgrid-scale-stresses
(SGS) stress tensor τSGSi j is introduced into the momentum eq. (2), where τ

SGSi j
i j = uiu j− ūiū j.5 6 7 8 9 10 11

We apply three different models. The one equation eddy model where the kinetic energy k is solved
while another scale is estimated, so if the k is solved then the turbulent velocity u is estimated by u∗ ∼√

k 5. Eddy viscosity µi =Cµ ρ̄k
1
2 l∗, where Cµ is a constant, l∗ is the turbulent length scale.

The dynamic k-equation eddy-viscosity model, where the model constants are recalculated during the
simulation rather than to be pre-calculated, the model stress tensor eq. (3)12 which can be modeled as

τi j−
1
3

δi jτkk =Cαi j C =
Li jMi j

MklMkl
(4)

where C is the model parameter, Mi j is the minimum error, Li j is a stress resolved tensor. αi j is the term
needed to be modeled.5 12
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where S̃i j is the filtered strain tensor.
The Ta Phouc Loc model, which is based on the velocity-vorticity (v-ω) formulation of the Navier-

Stokes equations. Two spatial filters are used, the first filter denoted by (−) is used on the fine mesh, and
the second ’test filter’ denoted by (∼) which is used on the coarse mesh. From eq. (2) we find that

τi j = ŪiŪ j =UiU j = (ŪiŪ j−ŪiŪ j)− (ŪiU j
′+Ui

′Ū j)−Ui
′U j
′ (6)

where the fluctuations are defined as Ui
′ =Ui−Ūi.

The turbulent stresses are modeled as
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The eddy viscosity vt is determined by the mixed-scale turbulence model introduced by L.Ta Phouc13

vt =C |ω̄|α k(1−α)/2
∆
(1+α) (8)

where ω is the vorticity, ∆ = (∆x∆y∆z)
1
3 is an average grid size, k is the turbulent kinetic energy, α is a

parameter which takes a value between 0 and 1. From a previous study14 it was found that the model
performs best when α = 0.5.
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The turbulent kinetic energy is estimated from the test filter (∼) as
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Ū j− ˜̄U j

)2
(9)

where U j is the unfiltered velocity field and ˜̄U j is the doubled filtered velocity field obtained by applying
the second filter on the resolved velocity Ū j.13 14 15

2.2 COMPUTATIONAL DOMAIN AND RESULTS

The computational domain is shown in Fig. 1 and consists of an inlet section (swirl generator), a
cylinder and an outlet section. At the inlet of the computational domain a uniform radial and tangential
velocity is defined and at the outlet a zero-gradient boundary condition is applied.

(a)

Figure 1: 3D cross sectional view showing the velocity magnitude, vorticity contours (in white) and streamlines.

The results shown in Fig. 2 show that generally there is a good agreement between computational
and experimental particle image velocimetry (PIV) results that have been measured previously4. The
models capture the wake and jet like profiles of the axial velocity but both are not as pronounced as in
the experimental results.

3



A. Obeidat, S. Haider, K. M. Ingvorsen, K. E. Meyer and J. H. Walther

−1.0 −0.8 −0.6 −0.4 −0.2 0 0.2 0.4 0.6 0.8 1.0
0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

   

0.4

0.6

X
v
/R

V
z
/ 

V
b

 

 

Dynamic

Loc

OneEqEddy

Exp.

(a)
−1.0 −0.8 −0.6 −0.4 −0.2 0 0.2 0.4 0.6 0.8 1.0

−0.8

−0.6

−0.4

−0.2

0.0 

0.2 

0.4 

X
v
/R

V
Θ

/ 
V

b

 

 

Dynamic

Loc

OneEqEddy

Exp.

(b)

−1.0 −0.8 −0.6 −0.4 −0.2 0 0.2 0.4 0.6 0.8 1.0
0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

X
v
/R

V
z
/ 

V
b

 

 

OneEqEddy

Exp.

(c)
−1.0 −0.8 −0.6 −0.4 −0.2 0 0.2 0.4 0.6 0.8 1.0

−0.4

−0.3

−0.2

−0.1

0.0 

0.1 

0.2 

0.3 

0.4 

X
v
/R

V
Θ

/ 
V

b

 

 

OneEqEddy

Exp.

(d)

Figure 2: (a) (c) Time averaged axial velocity profiles for the 100%,50% open ports, (b) (d) Time averaged tan-
gential velocity profiles for the 100%,50% open ports, at the axial position z/D = 2.016
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