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mechanism on how the stern foil reduces the total resistance is an interesting question
in term of ship hydrodynamics. This study aims to analyse the resistance reduction on
high-speed patrol vessel by application of stern foil using simulation model. The study
was carried out using computational fluid dynamics (CFD) with hydrodynamic
parameters using a variation of the angle of attack 3" and 0° on Froude number range
0.6 - 1.3 with service load at 2 kg. The simulation result was obtained the optimal work
for stern foil is at service load (2 kg) is a reduction in the total resistance of about
26,70% with the angle of attack is 0" in Froude number 0.9.
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1. Introduction

In terms of vehicle design, fuel efficiency is the main problem, both in terms of land, air and even
sea vehicles. The ship's resistance affects the efficiency of marine vehicles, especially the ship, where
the way to minimize the resistance is to optimize the shape of the hull [1-3]. Decreasing ship
resistance could be done in various ways, such as decreasing wave resistance or friction resistance
by using stern flaps [4], and/or using hydrofoils that can raise the hull above the surface of the water,
thus reducing resistance and increasing efficiency more than designing hulls [5]. There is also a lift
interceptor, like hydrofoil, but with a different concept [6], Called vortex and the use of thick foil
under the transom hull. Van Oossanen invented this technology and it was named Hull Vane. In a
survey of 64 m Holland Class OPV yachts and 108 m Holland Class OPV, Hull Vane was able to reduce
ship barriers by 26.5% and 15.3% respectively [7-8]. The study also stated that the Holland Class 108
m OPV had a fuel reduction of 15.3% with a speed of 17.5 knots.
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Hull Vane also influences the pitch motion and wave resistance of the vessel as well as increasing
the resistance [9]. In experiments using a 167 m Ropax Vessel Norbank and 167 m Container Vessel
Rijinborg vessel with simulation and testing process, this was shown to decrease pitch motion by
9.7% and 4.9% respectively, with 2 m wave height, decreasing wave resistance by 17.3% and 4.46%.
With the same vessel as Andrews et al., [10] which is AMERC Series # 13 Patrol Vessel, Uithof et al.,
[11] is carrying out a comparative study of the use of Hull Vane, trim wedges, interceptors, and
ballasting, showing that the Hull Vane has the greatest reduction in resistance on Fr 0.35, exactly 32.4
percent. In other experiments with different series, namely # 3, #4, # 8, # 11, and # 13 in Avala's Fr
0.5-0.7 using Hull Vane, showing a 4% reduction in resistance, -10%, 18.3%, 21.3%, and 12.3% [12].

Based on the available literature, there is still an interesting research gap to study, which is a very
limited study on the effect of stern foil in the range of Fr above 0.7 both through simulations and
experiments. Thus, the research on the effect of stern foil with a Fr above 0.7 will be a significant
result for the hydrodynamics field of ships. This work is aimed at measuring the application of stern
foil to patrol boats using NACA foil asymmetry to produce lifting power. Displacement was defined
as a separate load of operation. In order to prove additional translation force on the x-axis,
researchers set the stern foil parallels to the keel at the 3 ° counter clockwise angle to x-axis. In
addition, this research conducted Froude number simulation ranging from 0.6 to 1.3 and validated
with experimental data. This value of the Froude number is based on the class of high speed ships
above 0.5.

2. Design of Ship Model and Simulation Method
2.1 Particular Dimension of Ship Model with Stern Foil

The model used in this study is the Mark VI Patrol Vessel with a high-speed model and a unique
slender body model, with principle dimension are Length overall 25.8 m, Beam 6.2 m, Draught 1.2 m
and Fn >1 [13-14]. The simulation was conducted on Froude Number 0.6-1.3 with ANSYS (Fluent)
Student Version, which is different from other studies before Froude Number was used below 1. The
model used uses a scale of 1:25.8, displaying the ship's dimensions and plan on Table 1 and Figure 1.

Table 1

Scaled ship’s dimension

Model

Length Overall (LoA) 1 Meter
Beam (B) 0.24 Meter
Draught (T) 0.04 Meter
Displacement 3.25 Kg
Block Coefficient (Cb) 0.37

Model scale 1:25

Fig. 1. Patrol hull design without stern foil

36



CFD Letters Penerbit

Volume 12, Issue 4 (2020) 35-42 Akademia Baru

Stern foil used was asymmetric NACA 4412 [15] because researchers are most commonly using
and studying this type of NACA, besides that the lifts produced at NACA are built to hit 80 percent of
ship load. The hydrofoil was designed with the section of NACA 4412 and the chord length 4cm, span
20cm by this requirement as shown in Figure 2. Also used in this analysis is symmetrical NACA 0010
as a strut linking the stern foil and vessel.

Fig. 2. Side view hydrofoil NACA 4412

The stern foil was equivalent to transom under the keel with trailing edge. Therefore, the depth
of the stern foil is 1.5 inches (6 cm) from the based water surface, with an angle of attack 3 as well as
0 as the x-axis. The defined configuration is shown on Figure 3.

Fig. 3. Configuration of stern foil on the transom of Patrol hull

2.2 Simulation Method

Researchers used Ansys Fluent in this analysis as a multi-fluid computational fluid dynamics
media [16]. The equation of Reynold's Averaged Navier Stokes (RANS) became the basis of this
simulation, using k-bis SST as a turbulent and incompressible flow medium, the formula goes down
to Egs. (2) and (3) [17]:

a(pk) (pu k) 0 pk ok
Wy =P - Bpwk +5 [u+ Ok )ax (1)
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U
Where B, B*, v, ok, and od are closure constant coefficient and P = 7;; — ox, th|s simulation was

incompressible flow, so P = 0. Model boundary conditions in Figure 4 Followed ITTC [18-19] standard
for simulation. Inlet is 1-L from the model ship's bow (where L is Length waterline), with input fluid
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velocity equal to ship velocity (because the vessel is stationary and pushes liquid towards the ship).
The outlet is 2-L with an incompressible flow option from the ship's transom.

The wall's top and bottom are 0.25 L from the deck and 1-L from the keel, respectively. And from
the longitudinal axis the side of the wall is 1-L. The model and wall are defined as conditions of no-
slip but with the addition of the option of numerical beach to damp wave near the outlet [20-21].
The ship model is free to move pitch and heave using User Define Function (UDF), where inertia
moment (IYY) and inertia item (IXZ) are specified as shown in Egs. (3) and (4). However, the ship's
weight is also defined by the draft (2 kg).

z = z4cos(wet + £,5) %0 (3)
Y = YaCos(wet + £,¢)#0 (4)
Wall Symmetry Water Surface

Ano0aA 19[U]

-

Qutlet Pressure

Hull with Stern Foil

Wall Symmetry
Fig. 4. Boundary condition of simulation model

The grid independence test to check the quality of the mesh simulation model was evaluated by
cell skewness. If the skewness value is getting better 1, it indicates that the meshing made is of poor
quality and higher error increases if simulations are carried out with this mesh, vice versa. Table 2
shows the obtained mesh quality and skewness results. Validation has been carried out by comparing
the total resistance from the simulation results with experiments conducted in previous studies [22].

Validation results can be seen in Figure 5.

Table 2

Mesh skewness results
Mesh Quality
Node 1254080
Elements 905087
Target Skewness 0.5
Average Skewness 0.23343
Skewness (Min) 4.03E-04
Skewness (Max) 0.66934
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Fig. 5. Validation of simulation results with the previous experimental
results

3. Result and Discussion
3.1 Turbulent Intensity

Figure 6 shows the turbulent intensity at the same Froude Number that is 0.9 with half-full
loading, which in this Froude Number has the greatest reduction of resistance among other Froude
Numbers with stern foil 0°. As shown in the red circle, the greatest turbulent intensity when not using
stern foil 0° based on the scale in the figure ranged from 34.5% - 37.7% and when using stern foil 0°
ranged from 30% - 40%. However, the turbulent intensity far behind the transom when using stern
foil 0% is in the range of 20% -30%, this certainly affects the magnitude of the ship resistance. Figure
7 illustrates the difference when using and not using stern foil 3° during Froude Number 1.1 with a
loading of 2 kg which in this condition stern foil can reduce resistance by 23.268%. The greatest
turbulent intensity shown by the red circle according to the color and scale that exists when not using
and using stern foil respectively around 39.3-42.9% and 33.8-39.4%, and also the flow far behind the
transom has an intensity of turbulence that is smaller is around 22.6-28.2%. This difference also
affects the wetted surface area where there are differences in the waves created by hull when using
and not using stern foil 3°. This is illustrated in Figure 8 which shows that the conditions under the
back of the transom are very dry and uniform when using stern foil 3°.

Turbulent Turbulent
Intensity [%] Intensity [%]
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(a) Turbulent intensity without stern foil (b) Turbulent intensity with stern foil

Fig. 6. Turbulent intensity stern foil 0° with 2 kg loading condition on Froude Number 0.9
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(a) Turbulent intensity without stern foil (b) Turbulent intensity with stern foil

Fig. 7. Turbulent intensity stern foil 3° with 2 kg loading on Froude Number 1.1
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Fig. 8. Volume of Fraction comparison without and using stern foil 3° (stern view)
3.2 Effective to Reduce Total Resistance

Figures 9 and 10 show that the stern foil 0° and 3 are quite optimal in a half-full vessel condition
or with a load of 2 kg. Seen in the trend line referred to starting Froude Number 0.7 shows a
significant difference from when not using stern foil 3°. Reduction of total resistance occurred around
3.218% - 23.268% compared to the model of the ship without a 3° stern foil. The total reduction
occurred at Fr 1.1 around 23.268% which is in accordance with the experimental results.
Furthermore, a total decrease of 20% occurred in the compilation of Froude Numbers above 1,
23.268%, 21.86%, and 21.455% in Froude Numbers 1.1, 1.2, and 1.3, which showed that stern foil 3
° works more effectively on Froude number above 1. This proves about which increases the power
produced in the stern foil Compared to the effective stern foil 3° at Fr> 1, with an angle of attack 0°,
the effectiveness of the total resistance reduction occurs at around Fr < 1, Further Froude Number
0.7 - 0.9 when related to corresponding reductions reached 7.795%, 18.865%, and 26.705%. In
addition, the reduction of total resistance is less effective at Fr>1 compared to stern foil 3°. And also,
the reduction of total resistance occurs around 7.795% - 26.705% with the highest reduction value
occurring at Froude Number 0.9, then increasing due to the increase in Froude Number respectively
about 17.338%, 16.554%, 13.305%, and 14.743% at Fr 1, 1.1, 1.2 and 1.3. The difference is that due
to the ship planning or trimming the rear the greater the angle, the thing that affects the angle of
attack on the stern of the foil becomes greater with respect to the x axis which causes obstacles to
be higher by 3°.
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Fig. 10. Comparison application of stern foil using 3 * angles

4. Conclusion

Simulations with the CFD method have been carried out on patrol vessels using stern foil. Based
on the data and analysis of the research, the following conclusions can be concluded from the model
simulated with different loading, stern foil works optimally at a load of 2 kg, either by using 3° stern
foil or 0 ° stern foil. In 3° stern foil, the optimum resistance reduction occurred in Froude Number 1.1
- 1.3 with the reduction of successively 23.26%, 21.86%, and 21.45% where in Froude Number 1.1
had the largest reduction. Whereas at 0° stern foil, the reduction of optimal resistance occurs in
Froude Number 0.7 - 0.9 with the reduction of successively 7,79%, 18,86%, and 26,70% where in
Froude Number 0.9 has the largest total resistance reduction.
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