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ABSTRACT

This study presents the influence of the distance between the floats of catamaran for ship
calm water resistance. As we know, a catamaran is composed by 2 floats, each float hav-
ing its own wave systems in calm water. The distance between these floats influences the
phenomena that appear due to the composition of the wave systems. The low value of the
calm water resistance force is provided by the optimum distance of the floats. In this
study, there will be used 3 different distances of the floats for the main speed of the ship.
To estimate the ship resistance there will be used RANS equations which provide a good
Sfluid flow in turbulent models.
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1. INTRODUCTION

This study’s scope is to optimize a high
speed multi hull ship to reduce the calm wa-
ter resistance.

The first issue that we consider is that the
operational zone is on the Danube River and
the Danube Delta Biosphere reservation,
strictly protected against noise and pollution.
Also, we consider that the operational regime
of the ship is 90% in calm water because, in the
worst cases, the wave is not more than 0.5 m on
the Danube River during a one year period.

To respect these requirements in parallel
with the study of hull shape, it is necessary to
also study the position of the floats against
centre line. This distance can have an impor-
tant influence on water resistance value and
also on the high waves simulation.

The analysis was conducted for a pas-
senger ship with two floats (catamaran type)
and 21 m in length. The ship’s speed is 21.4
knots (11 m/s) at 0.8 Froude number. The
high Froude number of the ship places it in
semi-displacement regime. The catamaran is

presented in Fig. 1.

Fig. 1. Passenger ship
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2. CONTENT

The route of the passenger ship is from
Galati to Tulcea for a 85.3 nm distance
which is presented in Fig.2.
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Fig. 2. The route of the ship

Due to economic factors and the pollu-
tion constraints in the operational zone, an
efficient ship is a ship that arrives in a short
time at the harbour with a low consumption and
pollution level [1,2].

The catamaran ships are characterized
by a low hydrodynamic resistance in calm
water. Hence, the multi hull ship is the best
choice due to the navigation area that has
waves with a low height and period.

However, a major problem of the multi
hull ships is the hydrodynamic interference
between the floats. A solution to reduce it is
to find an optimal position of the floats for a
sailing speed. Numerous variants of the ar-
rangement of floats have been tried so that
the interference between them is minimal.
Various researchers propose innovative solu-

tions that will minimize the influence of the
bodies at different speeds of navigation.

The distance considered is pre-
sented in Fig.3.

Fig. 3. The distance of the floats

3. NUMERICAL SIMULATION
MODEL

The mathematical model used for nu-
merical simulations is based on RANS equa-
tions and the mathematical model of the fluid
flow is SST-Menter [4].

The first statement of the fluid flow
simulation is representing by the conserva-
tion laws of physics:

-The mass of the fluid particle is con-
served;

-Newton’s second law which refers to
the momentum conservation;

-The first law of thermodynamics which
refers to the energy conservation.

The Navier-Stokes equations are fre-
quently used for steady state flow in numerical
analysis of the fluids flow because they can be
easily described by mathematical algorithms
compared to Helmholtz equations or Gromeka-
Lamb equations. Also, the Navier-Stokes equa-
tions on the 3 directions of the fluid flow indi-
cate equality between the sum of the unitary
local and convective inertia forces and the sum
of the unitary pressure forces, the unitary mass
forces and the unitary viscous forces which
represent the unitary external forces that act on
the fluid particle.
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The Navier-Stokes equations are
enough to describe the laminar fluid flow,
but, in order to describe the real fluid flow,
we need to add the Reynolds number which
gives us the limit between the laminar fluid
flow and the turbulent fluid flow. For differ-
ent kind of the flow we can find the critical
Reynolds number which shows us the
switching from the flow regime to another
one. Thus, Reynolds decomposition is used
for numerical analysis and this theory as-
sumes that at every step of time, the velocity
u is not constant, being influenced by a time
dependent component u’(t).

For this study was used Numeca: Fine-
Marine software [3]. The grid of the analysis
has been iterative realized from the coarse
mesh to a fine mesh so as to capture the phe-
nomena on the free surface, as we can

see in Fig.4 [6].

Fig. 4. The grid of the analysis

For the free surface and the hull surface,
it has been used a grid that contains 2 million
cells with refined area on the Kelvin surface

[5].

4. THE FIRST DISTANCE
BETWEEN FLOATS

In Fig.5 it is shown the first iteration that
has used 4.4 m distance between the centre
line of the floats.

The hydrodynamic resistance
value at 11 m/s velocity of flow is 34
kN.

Fig. 5. The distance of the floats

The phenomena that appear on the free
surface are illustrated in Fig.6, Fig 7 and Fig.
8. and include the following:

Fig. 6. The fluid flow phenomena

1. Wave crest in the fore-ship area be-
tween the floats — 2.2 m height from the base
line of the ship;

Fig. 7. The grid of the analysis

2. Wave trough in the aft-ship area be-
tween the floats — 0.6 m depth from the free
surface.
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Fig. 8. The wave trough

This step of the study shows the areas of
the fluid flow that negatively influence the
calm water hydrodynamic resistance.

S. THE SECOND DISTANCE
BETWEEN FLOATS

For a second iteration it has been used a
4.8 m distance between the centre line of the
floats, as presented in Fig. 9. The hydrody-
namic resistance value at 11 m/s velocity of
flow is 30.5 kN.

Fig. 9. The distance of the floats

The phenomena that appear on the free
surface are the following, presented in
Fig.10, Fig. 11 and Fig. 12:

3. Wave crest in the fore-ship area be-
tween the floats — 2 m height from the base
line of the ship;

Fig. 10. The fluid flow phenomena

4. Wave trough in the aft-ship area be-
tween the floats — 0.8 m depth from the free
surface.

Fig. 11. The wave crest

Fig. 12. The wave trough

This step of the study shows that the dis-
tance between the floats reduce the wave
crest in the fore-ship area and the hydrody-
namic resistance.
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6. THE THIRD DISTANCE
BETWEEN FLOATS

For a second iteration it has been used a
5.1 m distance between the centre line of the
floats, as shown in Fig. 13.

Fig. 13. The distance of the floats

Fig. 14. The fluid flow phenomena

The phenomena that appear on the free
surface are the following, illustrated in Fig.
14, Fig. 15 and Fig. 16:

5. Wave crest in the fore-ship area be-
tween the floats — 1.8 m height from the base
line of the ship;

6. Wave trough in the aft-ship area be-
tween the floats — 0.8 m depth from the free
surface (Fig. 16).

Fig. 15. The wave crest

Fig. 16. The wave crest

Table 1. Comparison of different
distances of the float

Distance [m] Rt[kN]
4.4 34
4.8 30.5
5.1 26.3

7. CONCLUSIONS

Hence, the calm water ship resistance has
been decreased with the increase of the distance
between the floats. We can affirm that for this
type of shape the increase by 0.4 m represents
the decrease of 4 kN from hydrodynamic resis-
tance, as we can see in Table. 1.
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