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Abstract: Spray strips are deflectors added to the hull to reduce the Wetted Surface Area (WSA). The
reduced WSA will decrease the total ship drag caused by the deflection of the spray strip installation.
The research aimed to predict the function of the spray strip to improve ship performance using
Computational Fluid Dynamics (CFD). The numerical approach in this study used the Finite Volume
Method (FVM) with the RANS (Reynolds-averaged Navier—Stokes) equation to solve fluid dynamics
problems. VOF (Volume of Fluid) was used to model the water and air phases. The results of this
study indicated that the number of spray strips would have a significant effect compared to without
using a spray strip. Spray strips with three strips could reduce the total resistance by 4.9% at Fr
1.78. Spray strips would increase the total resistance value by 2.1% at low speeds. Spray strips were
effective for reducing total resistance at Fr > 1 or the planing mode conditions. The total resistance
prediction used three suggestion profiles with the best performance to reduce total resistance by 6.0%
at Fr 1.78.

Keywords: spray strips; deflector; Fridsma hull form; Planing hull; CFD

1. Introduction

High-speed vessels have unique characteristics, such as dynamic pressure at the hull’s
bottom, slamming, porpoising, trim, and heave. According to research on high-speed
planing hull, 15-20% spray resistance can occur along the moving hull [1,2].

The Spray Strip is a ship hull modification that reduces the wetted surface area (WSA),
especially in the spray area. Spray strips work by deflecting the spray stream in front of
the stagnation line. The determination of the stagnation line is significant to apply spray
strips. The stagnation line definition is discussed in detail in several studies.

Clement conducted experimental research on spray strips to reduce the total drag of
the ship by 15%. The most effective spray rail application is used on deadrises smaller than
20°. However, the addition of spray strips increases the value of the ship’s resistance at low
speeds [3]. It is caused by the addition of the wetted surface area of the spray strip profile.
Lakatos et al. (2018) conducted experiments on spray strips/deflectors with various shapes
and geometries. The results showed that the spray strip reduced the total resistance by
2% at Fr 1.4 but increased by 4% at Fr 0.8 [4]. Molchanov et al. carried out the spray rail
experiment. As a result, the spray rail reduced resistance by 9% [5]. Recent studies have
shown that the retrofitted deflectors can reduce the total resistance by 5% [6].

Gerald Fridsma provides experimental testing of planing hull by performing several
parameters such as L/B, displacement, deadrise angle, LCG (Longitudinal Center of
Gravity). The test was carried out in two conditions, namely calm and wave conditions [7].
This research is used as a reference for validating the following numerical calculations due
to the simple shape of the ship. In addition, the simple shape of the vessel is a part of the
reason for its popularity. The range of different effective parameters is so wide that enable
us to check the performance of our models, either mathematical or numerical ones [6,8-10].
Numerical verification using the CFD Ship-lowa code shows a similar trend with an
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average error rate of 10.6% [9]. A numerical ventilation problem becomes a challenge in
the study of numerical simulation. Studies on this issue have been conducted to predict
the total drag of fast ships [11,12]. The other study, Fridsma hull was used for numerical
verification of OpenFOAM code in seaplane simulation during takeoff [13].

The Savitsky method is a semi-empirical method that is most commonly used to
predict drag on fast ships, which can evaluate the performance of prismatic hulls by
computing running trim and sinkage. The Savitsky method can calculate the wetted area,
lift, drag, and center of pressure of hard chine prismatic surfaces [14]. The development of
the method was carried out to obtain more accurate results [14,15]. Yousefi investigated a
technique for analyzing resistance for a high-speed planing hull based on analytical and
numerical techniques. Their results show that FVM is an accurate method for simulating
turbulent and free surface flow to predict ship resistance. The Finite element methods
can be used to predict the total drag of the ship. However, there are limitations related
to the ship’s response to trim and heave. An investigation of ship resistance was carried
out using a numerical approach combined with classical slender body theory. The tdyn
code, based on full FEM, was used to analyze the resistance of catamaran components.
The three-dimensional domain was solved using the incompressible Navier—Stokes on the
Tdyn code. The standard k-¢ and k-w models represent the turbulence models [16]. The
method developed by Bilandi, which predicts the calm water performance of a doubled-
stepped planing hull, uses Computational Fluid Dynamics (CFD) simulations to evaluate
the difference between the results of the 2D + T and CFD method. The results of both
methods show that they predict almost similar heeling moment, resistance, and trim
angle [17]. Another study using the same method explored the dynamic of a planing hull
in regular waves. The 2D + T model found that the vertical acceleration is under-predicted
at moderate and long wavelengths and over-predicted at short waves [18]. They also
demonstrated that in wave conditions to understand the motion of a vessel [19]. The
Numerical simulation has been carried out to obtain predictions on the use of spray rails.
Olin studied the shape profile using the 2D concept and could reduce the total resistance
by 4% [20].

The overset grid method is a mesh motion technique using donor-acceptor cells. The
active cells are located at each end of the overset geometry, acting as an intermediary for
donor-acceptor cells, while the passive cells are in the background, replaced by overset cells.
This method is recommended for the complex fluid-structure approach. It was used for the
planing hull studies [10,21,22]. However, the overset approach should note interpolations
between the background and the overset area, caused by the larger vorticity computed in
the direction of the waves generated under the bow of the vessel [23]. In another study;, it
was found that the morphing technique is more reliable compared to an overset technique.
However, they found that The Root Mean Square (RMS) value in predicting resistance using
the overset technique was better than the morphing technique. They provide resistance,
trim angle, wetted surface, and keel-wetted length in hull-propeller interactions for planing
boats [21].

This research aims to analyze the spray strips of the total ship resistance. The number
and shape profile of spray strips will be applied to reduce the total drag of the ship.
The research contribution will provide information about the effect of spray strips using
numerical simulation that still few studies was conducted.

This paper is an overview of knowledge regarding the effects of spray rails technolo-
gies on resistance. The principle of this concept is to deflect the spray on the stagnation line,
thereby reducing the wetted surface area. A concept for the spray rails system has been
developed by [20], which is applied 2D and 3D computational fluid dynamic models to
study the behavior of the spray deflectors in the calm water condition, potentially reducing
the engine power required for a given speed. The frictional resistance of the spray rail
can be reduced by using a deflection that separates the spray sheet from the hull and
reduces the spray wetted area. The form of the spray rails has a significant impact on their
effectiveness. However, problems will arise if the spray rail is not positioned properly, has
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an inappropriate thickness, or an incorrect shape. In the present research, a new shape of
the sprail rail is created to find the new suggestion profile.

One approach for modelling the spray rail system for planing hulls is based on
representing the three-dimensional (3D) flow based on RANS to describe turbulent flows.
It is based on finite-volume computational fluid dynamics, and an overset grid approach
was used to model the rigid body motion. A validation study was conducted by comparing
the results with the Fridsma benchmark towing tank experiment and the Savitsky method.

The present paper aims to fill the gap in modelling spray rail in calm water condition
by simulating performance of planing hulls equipped with a new type of spray rail, which
is different from common ones. This helps us to gain an improved understanding of
the effects of the spray rail pattern on performance. Viscous air-water flow is solved by
employing an FVM-based code, which can solve RANS equations and solve the mesh
motion by means of overset technique. Previous work has only focused on 2D, and 3D flat
planing plate, meaning the effect of the deflector on the lift has not yet been considered. In
the present research, in order to study the dynamic behavior of ships with free heave and
trim conditions to observe the ship’s response, the research aims to compute and analyze
the effects of spray strips on the total resistance force acting on a prismatic planing hull.
It will be shown how the number of spray strips attached to the hull and their geometry
can affect the performance of a vessel advancing in planing mode. The outcome of this
study helps engineers and naval architects design planing hulls with lower resistance and
fuel consumption. This follows the global targets for the reduction in fossil fuel emissions.
The research contribution will provide information about the effect of spray strips using a
numerical simulation that is not often utilized.

2. Materials and Methods
2.1. Research Objects

In this study, we used experimental data from Fridsma as a benchmark [7]. Table 1
shows the experimental data used in the numerical simulation test. The numerical test
used a deadrise angle of 20°. The test was carried out with free heave and trim conditions
to see the ship’s response. The Fridsma hull model is shown in Figure 1, using a curve
equation approach.
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Figure 1. Fridsma hull form [7].
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Table 1. Main Particulars of vessel [7].

Parameter Unit Value
L/B - 5
L m 1.143
B m 0.229
T AP m 0.081
LCG from AP m 0.457
VCG from keel m 0.067
To Degree 1.569
B Degree 20
A Kg 10.890
Iyy =1zz Kg-m? 0.235

2.2. Spray Strip Profile

The test was conducted to determine the number of strips and the shaped strip of the
cross-sectional profile. The profile size test referred to the experiment conducted by Olin
et al. on the conventional profile [20] shown in Figure 2a. It is also used as a reference to
see the spray strip performance in research conducted by Savitsky [1]. Figure 2c shows the
profile of the new shape configuration as in the present study. Configuration parameters of
the cross-section are shown in Figure 2.

(a) (b) (©)
Figure 2. Spray strip profile: (a) conventional profile; (b) Savitsky profile; (c) suggestion profile.

The parameters of the number of strips in the present study are shown in Figure 3.
Based on previous research, the strip installation is on the stagnation line to the bow.
According to Clement’s research, the stagnation line at Fr 1.78 is used as a reference for
installing strip profiles [3]. The stagnation line is located behind the spray area, this line
is the boundary of the wet surface area and has the highest water pressure acting on the
hull. The addition of the spray strip profile did not significantly increase the displacement.
The displacement was changed by 0.22% and, therefore, can be ignored when assessing the
total resistance.

(b)

(c)

Figure 3. Configuration parameters of conventional profiles: (a) 1 strip; (b) 2 strips; (c) 3 strips.
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2.3. Numerical Method

The star CCM+ package was used to calculate fluid flow simulation. A Fully Eulerian
Finite Volume Method was used to simulate the two-phase flow of air and water. Problems
involving immiscible fluid mixes and free surfaces were solved using the VOF multiphase
model. A Dynamic Fluid Body Interaction (DFBI) module was used to simulate the motion
of a vessel in response forces. The vessel movement was set to be free in heave and trim
but fixed in roll and sway.

In the present research, Reynolds-averaged Navier-Stokes equations describe the
conservation of mass and momentum in the fluid domain. Fluid was assumed to be two
phase and incompressible. Thus, the RANS equations can be presented as:

VV=0 1)

oV

Pt

where V is volume, V is an average velocity vector, p is density, t is time, P is the average

compressive field, p is dynamic viscosity, Tre is a Reynolds stress tensor, A is displacement,

and Sy is a vector of momentum sources. The T, component is calculated using the
chosen turbulence model, according to the Boussinesq hypothesis:

v,  AVj\ 2
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where 1, is the turbulent viscosity, k is the turbulent kinetic energy. Many turbulence
models can be used to cover hydrodynamic problems in the RANS method. The turbulence
model commonly used in the hydrodynamics field is the model of the two equations, such
as SSTk — w and k — ¢ [22].

The overset mesh technique has two geometries: the background as the donor and the
overset as the acceptor. The dimensions used in this study are shown in Figure 4, where L
is the ship’s length, H is the ship’s height, and B is the ship’s width. Numerical simulations
were carried out using a half hull to shorten the time consumption.

Symmetry
Plane

Pressure
Outlet

Velocity
Inlet

Figure 4. Boundary condition and Fluid domain.

The mesh density is focused on the object and the water surface for accurate results.
The mesh is locally applied using an anisotropic mesh shape at the x, y, and z ordinates.
The concentration of mesh density on the strip profile can be seen in Figure 5. A mesh
investigation is conducted in order to determine the optimal mesh for numerical replication
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of the steady planing problem. The verification of independency of the mesh resolution
was conducted with five grid mesh, which has the cell numbers of 0.48 M, 0.89 M, 1.44 M,
2.33 M, and 2.99 M, respectively [24]. Mesh analysis was performed with a Froude number
of 1.79. However, as the number of cells increases, all computed data converge. All of the
parameters’ predicted values differ. Numerical simulation results show the number of cell
2.3 M and 2.99 M have stable results. Grid mesh 2.3 M requires more time to complete
simulations than Grid mesh 2.99 M. As a result, grid mesh 2.3 M was used for the rest of
the CFD simulations. This study showed quite good agreement between the numerical
calculation and experiment is relatively small, which is about 11.2% of the resistance. The
difference shows something similar to the study conducted by Wheeler et al. [25] and
Mousaviraad et al. [9], who performed numerical simulations with the Fridsma hull form.
Wheeler’s research has an error of 17.26%, and Mousaviraad’s research is 20.99% at Fr 1.79.

Figure 5. The concentration of mesh density on the strip profile.

The wall function (y+) is used to reduce numerical simulation inaccuracies. Figure 6
shows that the value of y+ is at a value of 60-70. Meanwhile, Avci et al., in their research
used the value of y+ between 45 and 60 to obtain accurate results [12]. According to ITTC,
the calculation of the y+ value [26] is as follows:

y__Y
- )

Wall I+
000000 30.000 60,000 20,000 12000 150.00

Figure 6. Visualization of y+ bare hull at Fr 1.78.

The ITTC equation is used in the equation applied to the Star-CCM+ code [27], where
y is the thickness of the first layer, L is the object’s length, Re is the Reynolds number, and
Cf is the estimation of the friction coefficient of the object’s surface.

Time-step was used in unsteady flow simulation. The time-step is an interval period
for each iterative calculation. The smaller the value, the more accurate the result obtained,
and vice versa. The time-step determination of the CFD calculation depends on the
ship’s speed. The faster the ship’s speed, the smaller the time-step used. The time-step
determination recommended by ITTC [26] is found in Equation (5), where L is a ship’s
length, and U is the ship’s speed.

AtITTC =0.005 ~ 0.01% ®)
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3. Results
3.1. The Effect of the Number of Strips

The verification of the numerical simulation results is compared with the data from
the Fridsma experiment. The Froude number indicated that the ship’s speeds were the
non-dimensional units. The Froude number was carried out with five speeds, namely 0.59,
0.89,1.19, 1.49, and 1.78. Simulations were carried out with 2.3 million meshes concentrated
on the water surface and hull, especially the spray strip.

The bare hull was the original Fridsma hull form without a spray strip. Models 2, 3,
and 4 were modifications of the Fridsma hull form with a conventional profile (Figure 2a)
with the number of profiles 1, 2, and 3, as shown in Figure 3a—c. This simulation aimed to
predict the total resistance using a different number of strips.

Figure 7 shows the comparison of CFD and the experimental value of resistance, trim,
and heave. The resistance is described by the non-dimensional unit R/A, where R is the
resistance, and A is the displacement. The CFD bare hull showed some differences that
might be caused by errors in the prediction of resistance. As it was seen, the prediction
resistance was over-predicted compared to the experiment. However, in all cases, the nu-
merical data correspond to the experimental results while being slightly smaller. Errors in
the Fridsma model are seen to increase by as the speed increases. Errors in the computation
of the resistance vary between Froude Number 1.2 and 1.8, which is below 9.18%. The
comparison of the trim angle on the experimental and numerical bare hull shows a gap of
less than 13.1%, similar to the resistance, the errors of the bare hull model increase by the
increase in speed. The peak value of the trim angle occurs at Froude Number of 1.19. The
comparison of heave in the experimental and numerical bare hull shows the intersection at
the Froude Number 0.89 and 1.19. Compared to the experiment’s results, the prediction
resistance was under predicted if the Froude number was less than 0.88 and over predicted
if the Froude number is 1.19 or greater.

According to the present study, the total resistance reduction with three spray rails
is about 4.9% compared to the bare hull resistance. As shown in Figure 7a, the resistance
reduction is due to the reduction in the wetted surface area and the related reduction in
the viscous drag, whereas the rest is due to the deflection of the spray afterwards. The
spray deflection component is obtained by integrating projecting the force in the forward
direction and the pressure over the spray rails.

In a high-speed planing vessel, trim is a key component because it affects the total
resistance and determines the stagnation line’s location on the hull. Trim is produced by a
combination of moments of propulsion, water pressure, drag, and lift. Figure 7b shows
that spray rails can change the running trim angle, causing a reduction in overall resistance.
This is due to a change in running position. However, there were no significant differences
between the numbers of spray rails. It is also stated by [5] that the main key to designing a
deflector is not changing the trim angle so that the effect of only spray deflection could be
assessed.

Figure 7c shows a value of heave with non-dimensional units of s/B and s as the initial
and final center of gravity on the axis of z and B as ship’s width. The increase in heave
at each speed indicates an increase in the total lift caused by the hull. It can be seen that
heave is not affected by the number of spray rails. The total lift on the different number of
spray rails does not affect changing the heave.

Comparison of simulation results is reported using the CFD approach, Savitsky
method, and experiments. The results of the simulation showed an acceptable trend. The
difference in the gap between the CFD simulation results occurred at Fr > 0.89. Savitsky’s
method calculation underestimated the prediction of the total resistance at the small Fr,
and the large Fr was over predicted.

In the CFD simulation, the total resistance at low Fr showed a pattern close to the
experiment. In contrast, a high Fr at bare hulls showed different predictions of the total
resistance. This was demonstrated in the research of Wheeler et al. [25] and Mousaviraad
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et al. [9]. The CFD simulation results could be accepted to compare several variations of
spray strips.

On the other hand, the trim angle prediction in the CFD simulation did not show good
results compared to the approach of the Savitsky method. Overall, the shape of the CFD
pattern in Figure 7b showed promising results, except at low speeds.
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Figure 7. The effect of spray strips (a) resistance; (b) trim; (c) heave.
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Figure 8 shows the results of the CFD simulation with the number of spray strip
profiles. The experiments were carried out with different numbers of spray strips: one
strip (1 LS), two strips (2 LS), and three strips (3 LS). The difference in strip number was
reported to be sensitive to the ship’s speed. It showed the difference getting bigger at high
Fr. The best prediction of spray strips used was shown in three strips. The most significant
decreased resistance occurred in three spray strips at Fr 1.78 by reducing resistance by 4.9%,
3.8% (two spray strips), and 1.8% (one spray strip). At Fr 0.59, the spray strip application
would increase the resistance value by 2.1% on the number of three strips. The addition of
resistance showed a value of 0.4% on one spray strip. Figure 8 reported the visualization of
the reduction in spray area due to the various numbers of profiles. It can be seen when
there is a higher number of strips, the WSA in the spray area is lower.

Spray
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%\M_ \

e Incoming flow
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Spray strips

PO —_—
-
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Figure 8. Cont.
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Figure 8. The comparison spray areas: (a) bare hull; (b) 1 strip; (c) 2 strips; (d) 3 strips.
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Figure 9 shows a volume fraction that represents air and water fluids. The red color
showed a value close to 1 as a representation of air, and the blue color was close to 0 as a
representation of water. The problem occurs when the Volume of Fluid method is used
to model a high-speed vessel with a bow that creates a trim angle on the free surface.
The Numerical Ventilation in the high-speed vessel is the entrainment of air under the
hull of a vessel. However, the mixture of water and air cannot distinguish between real
ventilation and numerical ventilation in a simulation. As previously discussed [11], the
strategy used to reduce Numerical Ventilation (NV) is High-Resolution Interface-Capturing

(HRIC) Modification [28] and mesh refinement around the ship bow area [20].
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Figure 9. Volume fraction at Fr 1.78 for (a) bare hull; (b) 1 strip; (c) 2 strips; (d) 3 strips.
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Figure 10a represents one component of total resistance, namely frictional resistance
revealed by the non-dimensional units of Rf/A. At the same time, Figure 10b was the WSA
or a component related to frictional resistance. These figures can be concluded that the
number of strips increased can reduce frictional resistance and WSA, due to the reduction
in the wetted surface and the associated reduction in viscous resistance, while the rest is
due to the backward deflection of the spray. The volume fraction approach was used to
obtain WSA. The water-air flow is simulated by applying the volume of fraction scheme,
which varies between 0 (air) and 1 (water). WSA is estimated using Volume friction of
water, which is Volume friction of water value > 0.5 is considered a wetted surface area.
Otherwise, the Volume friction of water < 0.5 is considered air. A high-speed planing craft
will experience significant changes in wetted surface area with changes in speed. The
accurate measurement of running wetted area and estimation of frictional resistance is
the basis for resistance analysis. Figure 10a shows that as the speed of planing increases,
the wetted length and, consequently, the wedge volume decreases rapidly, and the lift
becomes mainly dynamic. The percentage reduction in WSA due to the addition of strips
to the WSA bare hull was 6.4% for three strips, 5.2% for two strips, and 3.6% for one strip.
The frictional resistance of the three rails shows the highest reduction in drag force. In
general, the ship’s resistance components are divided into two parts, namely residual
resistance and frictional resistance. In this study, the discussion will only be conducted on
frictional resistance because frictional resistance is easier to predict than residual resistance.
Frictional resistance is related to the hull’s wetted surface area. A planing hull vessel shows
that the WSA is very high at low speeds and gradually decreases at high speeds. It shows
that the hydrostatic force acting at the center of pressure on the hull is smaller than the
pressure force over the wetted surface.
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wep- ISS
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0.021= --B-- 38§ -
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Figure 10. Cont.
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Figure 10. The relationship of resistance components (a) Frictional resistance; (b) WSA for the
parameter numbers of spray strips.

3.2. The Influence of Spray Strip Profile

In this study, we would compare the shape of a geometric cross-section of the spray
strip profile. Based on the number of strip parameters, three spray strips were installed for
the spray strip profile test. The application of the spray strip profile shape followed the
previous research and the suggestion in Figure 2.

The results of resistance, trim, and heave are shown in Figure 11. The geometric
suggestion profile showed the best performance in reducing total resistance. The signif-
icant results were found at Fr 1.78 with a total resistance reduction of 6.0% (suggestion
profile), 4.9% (conventional profile), and 4.4% (Savitsky profile). The shape of the spray rail
determines its performance, the comparison of the three forms of the spray rail depends on
the thickness (h) and width (bsr). It should be noted that the undersides should be sharp,
the thickness of the rail sprail must be less than the width, which will provide deflection
to reduce the wet surface area. The effective performance of the deflector is somewhat
reduced by a small spray deflection direction. It is reported that all spray rail designs at
low speeds show an increase in resistance, but at high speeds, it shows a reduction in
resistance. The trim and heave results did not show significant changes compared to the
bare hull. It showed an increase in the total drag of the ship at low speed (Fr 0.59). The
percentage increased were 2.1% in the conventional profile, 1.6% in the suggestion profile,
and 0.4% in the Savitsky profile. As shown in Figure 11, the change in resistance to the
design of the sprail rail is followed by changes in trim and heave. It should be noted that
the trim and heave changes are very small, so they will not change the ship’s behavior.

The most interesting observation was seen in the profile suggestion, and where there
was a reduction in WSA, as shown in Figure 12b. The percentage reduction in WSA due
to the addition of strips to the WSA bare hull, respectively, were 8.8% for the suggestion
profile), 6.4% for the conventional profile, and 5.9% for the Savitsky profile. Figure 12
shows the spray area on the application of different spray strip profiles and the presence of
incoming air near the stagnation line (Figure 12c) in applying the suggestion profile. It can
be concluded that the decrease in WSA experienced was due to the sharp lower edge of the
spray rail. This phenomenon would reduce the frictional force of the ship, such as the air
lubrication method. In the study of Fotopoulos, it was shown that the application of the air
lubrication method could reduce the skin friction coefficient by 0.0023 to 0.0020 [29].
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Figure 11. Comparison of the application of the cross-section shape (a) resistance; (b) trim; (c) heave.
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Figure 12. Comparison of spray area due to deflection by spray strip at Fr 1.78 for (a) conventional
profile; (b) Savitsky profile; (c) suggestion profile.

The total resistance component consisted of frictional resistance and residual resistance.
Figure 13 shows the relationship between frictional resistance and WSA. The decrease in
WSA at high speed was not inversely proportional to the frictional resistance of the ship,
which occurred since the residual resistance value had increased. An increase in residual
resistance occurred at high-speed conditions, shown in the study of Kim et al. [30]. These
results indicate that the suggestion profile can reduce the frictional resistance of the ship.
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4. Conclusions

The numerical simulations show that the spray strip has a positive effect in reducing
the total resistance at Fr 0.89-1.78. However, the total drag will increase at low speeds
up to 2.1%. The spray rails were created to manage the flow direction and provide a
hydrodynamic lift force on the hull bottom, reducing WSA, trim angle and increasing
hull rise.

Adding the number of strips can reduce the total resistance because the water deflec-
tion on the stagnation line is getting higher. A comparison of the number of strips reported
that the application of three spray strips could reduce 4.9% of the total bare hull resistance
at Fr 1.78. Meanwhile, the trim and heave results do not have a significant effect on the
spray rails design.

A comparison of the cross-sectional shape shows the suggested profile produces
the best performance by reducing the total bare hull resistance by 6.0% at Fr 1.78. The
cross-sectional shape difference does not have a significant effect on the characteristics of
trim and heave. Our future work will aim to improve the efficiency of spray deflectors in
high-speed hulls using a novel spray redirection technology inspired by spray rails.
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