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In the streamlines Figure 5.11(a), two vortices are shown together vertically at the middle
square space, which corresponds to the two low pressure zones in Figure 5.9. The higher vortex
is clockwise and is generated by the separated flow from the first cylinder. However, the interval
is so narrow that the higher vortex is forced to reattach the top surface of the second cylinder,
while it should have reattached the wall if the second cylinder does not exist, as shown in Figure
5.7. The reattachment "lift" the vortex and creates a closed space below it. The flow motion
inside this closed space is similar to the lib-driven cavity flow problem. The recirculation flow
at its top drives the fluid to form an another vortex, with direction opposite to the higher one.
After the second cylinder, the flow behaviors are consistent with Figure 5.7. The two cylinders
interact with the flow as a whole body.

When the interval is further increased to two length, it becomes large enough that there is
only one big clockwise vortex inside this space (Figure 5.11(b)). Consequently, the reattachment
on the second cylinder disappears. The same situation also happens for the case 3 in Figure
5.11(c). It is noteworthy that the small vortex on top of the first cylinder in Figure 5.11(a) and (b)
disappears, which can be also attributed to the consequence of a larger interval.

The vortices illustrated above can be found and correspond well to the pressure and the
velocity field in Figure 5.10 and Figure 5.9. However, there are some vortices in the streamlines
that can not be simply recognized from the velocity and the pressure contours. For example,
there are four vortices attached to the left and right faces of the two cylinders respectively in
Figure 5.11, and they can not be all clearly identified from the velocity and pressure contours.
The two vortices attached to the first cylinder are clockwise for the left one and anticlockwise
for the right one, while the other two vortices are in the opposite directions that the left one
is anticlockwise and the right one is clockwise. Moreover, there are another four tiny vortices
below the four big ones at each downside right angle corner, which cannot even be seen from
the streamlines. Their rotations are reverse to the vortices above them.

Above all, we can conclude that with the increase of distance between the two cylinders, the

two cylinders suffer less impacts from each other.



Chapter 6

Conclusion and recommendations for

future work

Numerical simulations of a uniform flow (Re=4000) around single and two 2D square cylinders
on the sea bed have been performed. A low-Re RANS equations with standard k — w turbulence
model have been applied.

To minimize any uncertainties related to mesh quality, mesh convergence tests are con-
ducted for the simulations. Iteration-averaged values of drag coefficient Cp and lift coefficient
Cy in steady-state for a set of meshes are compared. The tests have proved that the adopted
meshes are appropriate and the solutions are convergent.

In the simulation of flow around one square cylinder, the resulting streamlines are in agree-
ment with published simulations. Streamlines, velocity contours and pressure contours corre-
sponds well with each other at the positions of vortex and flow reattachment. This indicates that
the RANS equations with k — w turbulence model predicts flow behaviors accurately.

Results from the numerical simulations of flow around two square cylinders for three differ-
ent intervals ((L = h,2h and 5h, with names case 1, 2 and 3) have been discussed. The strongest
interactions between the two cylinders are found in the case 1. The two cylinders interact with
the flow as a whole body. With the increasing interval, the interactions become weaker. The two
cylinders suffer less impact from each other. A very unique lib-driven cavity flow is only shown
in the case 1 and disappears for larger interval. Besides, the small vortex on top of the first cylin-

der disappears in the case 3, and the reattachment of vortex (generated by the first cylinder)
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to the second cylinder also disappears in the case 2 and the case 3, which indicates less influ-
ence from the second cylinder. The big recirculation zone behind the second cylinder is smaller
and weaker with the increasing interval. For the largest interval L = 5k, drag coefficient of the
first cylinder has only 4% difference relative to the one cylinder simulation. This indicates the
interaction between the two cylinder is very weak, The two cylinders are independent.

However, the present works are insufficient. Some future works are recommended below:

1. The convergence test in the two cylinder simulation is not perfect. A denser group of

meshes need to be tested to validate the convergence.

2. The present numerical simulations is two dimensional, but results from three dimen-
sional simulation is closer to the real physical conditions. It would be of interest to study
the hydrodynamic phenomenon of a full 3D analysis of cube and compare them with the

present simulations.

3. Byreplacing RANS model by LES and DNS approach, more details of flow can be captured
and some instinctive shortages of RANS can be overcomed. Three dimensional simula-
tion would require transient simulation instead of steady-state, accordingly, the compu-

tational cost would be largely increased.
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