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Abstract— Calculation of the resistance and trim of high-
speed boat at planning regime is a complex hydrodynamic
problem. At the planning regime, with the aid of lifting
force, the boat is lifted over the water surface with high
trim angle. Many methods have been applied to calculate
the resistance and the trim of the high-speed boat at this
planning regime. This paper will study the two typical
methods, the first one is empirical method by Savitsky [1]
and the second one is the computational fluid dynamic
method (CFD). The calculation results of two methods are
compared with experimental results.
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. INTRODUCTION

The high-speed boat has 3 operating regimes,
characterized by the Froude (Fra) number as follows:

v

gyAg/y
Displacement regime: Fra<1
Semi-displacement regime: 1 < Fra <3
Planning regime: Fra >3
V is volume displacement of the vessel (m?)
A: weight displacement (kg)

Fr, =

Where:

¥: water density (N/m?®)
g: acceleration of gravity g = 9.81 m/s*

At the displacement regime, with Fra < 1, the planning boats
operate same as the displacement vessels, and the lifting force
is small and the boats cannot be lifted over the water surface.
As the speed of the boat increases, with the Fry > 1, the boat
operates at the semi-displacement regime. At this regime, the
boat has high resistance and high trim angle. When Fry > 1,
the boat operates fully at planning regime. At planning regime,
the boat operates more efficiently and needs less power to
maintain the speed because the lifting force lifts the boat
above the water surface, thus, the friction resistance decreases.
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However, at this state, it is more difficult to calculate the flow
around the planning boat than the displacement vessel due to
the contribution of hydrodynamic lift and large trim angle.
There are few methods available to estimate the resistance of
planning boat. They are emprical methods such as method by
Savitsky [1], the numerical method by using high power
computer (or computational fluid dynamic — CFD) and using
experimental method by testing in towing tank. In this paper,
the authors will using the first two methods: the emperical and
the CFD method to calculate the resistance of the high speed
boat at planning regime. The results will be compared with
experimental one to assess the accuracy of each methods and
give some guidelines for the designers in the selection of
suitable method to calculate the resistance of planning boat.

Il. CALCULATION METHODS

A. The Savitsky method

The Savitsky method [1] has been applied widely since
1964 to predict the power requirement for planning boat. This
method requires the prismatic hull shape, so it will give more
accurate result if the hull sections are more like the triangle.
The advantage of this method is that it is very fast, the users
can implement this method in Excel or even hand calculation.
Moreover, it requires limited input data, only some basic
dimensions of the planning boat, such as: speed, mass,
deadrise angle, center of gravity. The outputs of the method
are the total resistante, lift force, trim and sinkage and wetted
surface area. Futher details of this method can be read in the
Reference 1 [1]

B. The CFD method

Recently, with the high development of computational
power, the computational fluid dynamic (CFD) method has
been applied widely to solve the hydodynamic problems.
Nowsaday, using CFD to calculate ship resistance has been
the typical method in ship design office. However, the CFD
method requires that the users have solid knowledge about
hydrodynamics as well as solid experiments on using CFD
software. Because the minor mistake can give totally wrong
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result. For the ship hydrodynamics problems, the Reynold
Average Navier Stokes Equation (RANSE) CFD method is
widely used among the other methods that require more
computational resources such as LES or DNS.

Ship resistance calculation for the displacement vessel
can be solved quite accurately by RANSE CFD method, with
the differences less than 2% comparing with experimental
result [2] [3]. However, to calculate the resistance for planning
boat, it is much more difficult due to high trim angle, leading
to the high deforming mesh, and negative cells; the solver may
be crashed during calculation. Thus, in this paper, the authors
will present the method to dealing with this problem of high
deforming mesh. It is the combination between Savitsky
method and CFD method. The solver that the authors use in
this calculation is Numeca Fine Marine. The boat model is
model C1 in Naples Series [4] developed by Universita degli
Studi di Napoli Federico 1. The experimental result of
resistance calculation is also available and is provided by
Universita degli Studi di Napoli Federico Il

I1l.  CALCULATION STEPS

As mentioned above, the boat model that authors select to
calculate is model C1. The basic dimensions of the boat are
present in Table 1. The 3D shape and boat section of this
model are shown in Figure 1 and 2
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Fig. 1. Sections of the Naples C1 hull

Fig. 2. 3D visualization of Naples C1 hull
Table -1 Basic dimension of Naples C1 hull
Value Unit
Water line length L. 2.4 m
Breadth Bw. 0.743 m
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Depth D 0.46 m

Draft d 0.1677 m

Wetted surface area Sw 1.7 m?
Longitudina_l center of 0.943 m

gravity
Vertical center of gravity 0.193 m
Speed 7 m/s
Fra 3.24

For the Savitsky method, we just need to input some basic
parameters of the boat such as ship speed, ship weight, center
of gravity, water length. Then we will have the result of ship
resistance after few second

Besides, the CFD method requires much more efforts
including: meshing, setup calculation parameters, performing
calculation then post-processing the result. First step for the
CFD is creating the domain around the boat then meshing this
domain. The dimension of the fluid domain around the boat is
presented in the Figure 3 below
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Fig. 3. Dimension of the fluid domain [3]

Theoretically, the larger fluid domain, the better calculation
result. However, increasing fluid domain too large will lead to
large number of cells for meshing and high calculation time.
So, the fluid domain size as Figure 3 is sufficient, based on the
recommendation from Numeca. The number of cells is around
2.2 million cells. Some special areas are refined with much
more cells such as the bottom, the chines. The mesh of the boat
is shown in Figure 4. Figure 5 presents the mesh at free
surface.

Fig. 4.

Mesh of the boat
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Fig. 5. Mesh of the free surface

The viscous layers for solving the boundary layer have 13
layers for the boat hull with the thickness of 0.242 mm, to
ensure the Y+ around 30. The wall function is applied to solve
the boundary layer. The calculation parameters to perform
CFD calculation are as follows:

e For the water phase, the dynamic viscosity
v=0.001138 Pa.s ; water density : 999.1026 kg/m?®.

e For the air phase, the dynamic viscosity v=1.85
x10" Pa.s; air density: 1.2 kg/m?®

e  Turbulence model: k-omega (SST-Menter),

e Boundary condition: wall function for the boat
hull, non-slip condition; for the deck: wall
function with slip condition. The boundary
conditions at the boundary of the domain are as
follows: zmax, zmin: prescribed pressure, updated
hydrostatic pressure; xmin, xmax, ymax: far field;
ymin (at the center line of the hull); mirror
boundary condition.

e  The parameters for the boat motion are:

o Velocity = 7m/s

o Pitch angle: Ryl = -0.067380 Rad

o Solving for trim and sinkage, other
degrees of freedom are kept fixed

o Hull center of gravity (0.943,0,0.29273)

o Hull mass: 106.7 kg

e  The parameters for the solver are
Time step At=0.005 L_WL/V=0.00186s
Number of time step: 2000

The CFD calculation is performed in parallel on 8 cores and
it takes around 8 hours to get converged result. The
convergence of ship resistance and trim calculated by CFD
method is shown in Figure 6 and Figure 7 below. We can see
that the result converges after around 4 second (simulation time
not calculation time).

o

o
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Fig. 6. Convergence of ship resistance by CFD method

T

Fig. 7. Convergence of trim by CFD method

IV. RESULT AND DISCUSSION

The result of resistance and trim calculation by CFD
method and Savitsky method in comparison with experimental
result is presented in Table 2

Table -2 Calculation result

CFD Experiment
Value Diff Value
Resistance (N) 183.8 -2.10% 187.75
Trim (degree) 3.842 | -10.65% 4.3
Savitsky

Value Diff
Resistance (N) 174.19 7.22%
Trim (degree) 4.29 0.23%

We can see that the CFD method gives us quite accurate
resistance result with just 2% differences from experiment, but
the trim angle is under estimation with 10% difference from
experiment. The Savitsky method shows better estimation for
trim angle (just 0.23% difference from experiment), but the
ship resistance is less than 7% with experiment. Considering
the complexity of the CFD method, the Savitsky method is
better at the beginning of the ship resistance calculation process
due to fast calculation time and simple data input. However,
the CFD method is able to look at the flow around the hull in
details, and is applicable for many types of hull. The Savitsky
method is only valid with the boat with triangle cross section.
So if the cross section of planning boat is much more different
from triangle, Savitsky method will give not reliable result.
Figure 8 shows the free surface elevation by CFD
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Fig. 8. Free surface elevation by CFD method

V. CONCLUSION

The paper has presented the result of calculation of ship
resistance and trim of planning boat by two common method at
the moment: CFD method and Savitsky empirical method. The
Savitsky method is quick and the level of accuracy is
acceptable and it requires that the cross section of the hull is
close to a triangle to give reliable result. Besides, the CFD
method is capable giving accurate resistance, but the cost is
time consumption in meshing, calculation and post processing.
So that the selection of the method is depending on the
designers. The authors recommend that one should use
Savitsky in the early design stage and CFD in more detailed
design stage.
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