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Abstract

The objective of this study is to control the separation flow of ship. Previous studies
on ship separation control has carried out passive methods and active methods. These
studies have some issue for example energy and another conditions. There, this study
focuses on fluidics as one of the passive methods, applied to oscillators using switch-
ing elements. However, previous study has been clarified that a bit error between
design to actual of chamber and orifice make difference oscillation. Therefore, this
study proposes integrated type oscillator that it integrates chamber, orifice and switch-
ing element. Also, this study analyzes the reduction of fluid resistance around the ship
using this oscillator. Based on this research background, the study first analyzes the
proposed oscillator’s characteristics, focusing on parameters like orifice and chamber
volume, which influence the oscillation period and frequency. By adjusting the output
port diameter (1.4 to 2.8 mm), the oscillation period inside the chamber is halved.
Also, increasing the chamber volume raises the average pressure and the maximum
pressure difference during oscillation. However, the effectiveness of this approach in
reducing fluid resistance around the ship remains unclear. To investigate further, this
study created a ship model, and separation behavior is analyzed with the oscillator

installed.
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1 Introduction

In Japan, maritime transportation plays a crucial role in in-
ternational trade, with ships accounting for 99% of overseas
cargo transport [1]. Therefore, improving the transport ef-
ficiency of ships is essential and various studies have been
conducted to improve this efficiency. These include optim-
ization of operation routes [2], enhancement of engine power
of ships [3], and reduction of fluid resistance around ships.
In optimization of operation routes, optimization of operation
routes has been proposed to quantitatively estimate changes in
route selection when the ship size increases. This estimation
uses simulation models that reproduce the current container
cargo volume. In studies for fluid resistance reduction, the
focus has been on the environment around the ship and the re-
duction of fluid friction [4]. One focusing on the environment
around the ship is the development of special ship bottom paint
to reduce resistance caused by bio-fouling. Thus, various ap-
proaches aim to improve transport efficiency. Among these,
this study focuses specifically on methods to reduce fluid res-
istance around ships.

1.1 Fluid separation and turbulence

This study focuses on methods to reduce fluid resistance.
Therefore, attention is given to fluid separation, which is one

of the causes of fluid resistance in ships. As shown in Figure
1, fluid separation refers to the phenomenon in which a fluid
flowing along the surface of an airfoil gradually decreases in
velocity due to viscous friction with the surface. As the fluid
moves toward the rear of the object, it encounters increasing
difficulty in maintaining its flow against the opposing pres-
sure. Eventually, the fluid separates from the surface and flows
away. Moreover, the flow with reduced velocity may even ac-
quire a reverse velocity, changing direction due to friction with
the separated flow.
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Figure 1: Flow patterns around airfoil [5]

This separation results in a pressure difference between the
front and rear of the object, which generates resistance as the



object moves forward [5] [6]. This phenomenon-induced res-
istance is considered an important issue in maritime vessels.
Also, the point where the fluid velocity becomes zero and the
flow separates from the object’s surface is called the separation
point. To reduce fluid resistance, a method is to intentionally
disturb the laminar flow near the separation point, which helps
to move the separation point downstream [7]. For example,
aircraft wings use flaps as shown in Figure 2, and propellers
positioned at the rear of the aircraft create a suction effect to
move the separation point [8]. In ships, one method to reduce
frictional resistance involves introducing microbubbles along
the ship surface as shown in Figure 3. These microbubbles
create a lubricating layer between the ship and the surround-
ing water, effectively decreasing viscous drag and improving
fuel efficiency. It has been demonstrated that the use of micro-
bubbles can reduce wall shear stress by up to 30% [9]. How-
ever, to achieve a more efficient reduction in frictional res-
istance, ships need to specifically design built-in microbubble
generators. Additionally, it is essential to assess the effects
of microbubble generator in the propeller area to ensure op-
timal performance. Beyond passive techniques, active control
methods utilize external power sources, such as electricity, to
reduce fluid resistance and improve transport efficiency. How-
ever, The efficiency improves only by the amount of energy
subtracted from the power due to the reduction of fluid resist-
ance. In some cases, these methods may offer only marginal
benefits or even lead to increased energy consumption.
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Figure 2: Schematic diagram of flap surface moving device [8]

Figure 3: Overview of ship and built-in micro bubble gener-
ator [9]

In contrast, passive methods, which reduce fluid resistance
without using energy, have been gaining much more attention.
Some of them include the dimples on golf balls as shown in
Figure 4, and vortex generators on the surfaces of cars and
airplanes as shown in Figure 5 [10]. The dimples on the ball
create turbulence near the separation point, preventing flow
separation during flight and enhancing the ball flight distance.
In related study, it shows dimpled golf balls experience lower

drag due to delayed flow separation at the rear end, allowing
them to travel farther. The dimples cause the boundary layer
to transition from laminar to turbulent flow, similar to vortex
generators. This turbulent flow stays attached longer, delaying
flow separation and reducing form drag. As a result, total drag,
which includes form drag and skin friction, is minimized, im-
proving the ballas distance [11] .
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Figure 4: Simulation results of velocity vector distribution of
golf ball (left: w/o dimple, right: w/ dimple) [11]

Figure 5: Vortex generator geometry [10]

1.2 Fluidics

One of the passive methods is an application of fluidics. Flu-
idics is a technology that controls fluids by utilizing phe-
nomenon generated by the fluid itself, without mechanical
moving parts. Since it controls the fluid solely through its
own properties, it has been extensively studied for its poten-
tial use in environments where electronic devices are difficult
to apply. Figure 6 shows an application of fluidics for medical
fields, which called micro fluidics [12] [13].
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Figure 6: Micro fluidics [13]

Fluidics are highly reliable and durable because they do not
have any mechanical moving parts. However, due to the con-
stant flow, they have a large energy loss and lower response



time compared with typical electric systems [14]. Fluidic ele-
ments that can perform some functions such as OR, AND,
flip-flops, and Switching have been developed [15]. By per-
forming drug synthesis on microchannels carved into silicon
or glass, the amount of samples and reagents can be signi-
ficantly reduced, offering benefits such as time savings and
reduced waste disposal. On the other hand, due to the phe-
nomenon occurring in microscopic environments, challenges
include the difficulty of measuring temperature and flow rate,
as well as the need for technology to inject fluids into the mi-
crochannels [16]. Although the devices are manufactured by
inserting channels, it has become possible to produce devices,
including channels, using 3D printers with advancements in
technology. Additionally, improvements in the precision of
channel carving enable the creation of smaller channels and
components. As a result, manufacturers can decrease costs,
and they can also achieve the miniaturization of components.
Thus, fluidics is expected to have various elements and applic-
ations, and useful for passive detachment suppression for ships
as well.

1.3 Fluidic switching elements

In this study, the focus is on a fluid switching device that can
change the flow path using only fluid. Also, we are consid-
ering a valveless switching system with the aim of realizing a
purely aqua-driven system in the future. However, as demon-
strated in this paper, this oscillator also has the potential to re-
duce fluid resistance. Therefore, to reduce the fluid resistance
of ships, this study is developing an oscillator that is driven
solely by fluid, as described below. First, this section presents
the structure of the fluid switching element and describes its
operating principle. Then, the effective design revealed by
previous research is discussed [17]. A fluidic switching ele-
ment has three types of ports: an input port, a control port, and
an output port, as shown in Figure 7. The roles of these ports
are as follows: the input port supplies pressure, the control
port determines the direction of output, and the output port is
responsible for the final output of pressure and flow velocity.
After the control port determines the output direction of the
main flow, the Coanda effect draws the main flow toward the
side wall due to the negative pressure generated between the
side wall and the main flow. This mechanism helps maintain
the flow path. As shown in Figure 8, the operating principle
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Figure 7: Structure of fluidic switching element

of the fluid switching device is explained as follows: 1) The
main jet flow entering from the input port flows toward the left
and right output ports. 2) By applying flow from the left and

right control ports, the main jet is deflected toward the side-
walls. 3) The deflected main jet maintains its direction due
to the Coanda effect. Through these operations, switching is
made possible using only fluid.
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Figure 8: Operating principle of switching element

In the optimal shape for switching, however, various factors
such as the diameter of the split, the distance to the split,
the diameter of the input port, and the diameter of the out-
put port all have an impact. Therefore, in previous studies,
analyses were conducted on the switching and maintenance
of flow paths, clarifying the effects of the design paramet-
ers of switching elements and confirming the feasibility of a
switchable design. This analysis focuses on three parameters
shown in Figure 9 (L;: split distance, H: offset distance, and
0: sidewall inclination angle) which are considered to be im-
portant factors influencing the switching of flow channels and
the maintenance of flow direction.

Figure 9: Structure of fluidic switching element

2 Fluidic oscillator using switching element

Fluidic switching elements, which is previously analyzed in
our studies , have been applied in various fields. One of them is
the fluidic oscillator, which is possible to oscillate by connect-
ing a volumetric chamber and an orifice to a fluid switching
element as shown in the figure 10. In a related study, a fluidic
oscillator was applied to artificial hearts as a medical device.
The study noted that periodic pressure fluctuations strongly in-
fluence the frequency and amplitude of pressure fluctuations,
especially when the orifice diameter is reduced. On the other
hand, the study pointed out a concern that, depending on the
structure of the element, pressure may switch to the opposite
direction before reaching the calculated pressure [18]. This
study investigates the use of this fluidic oscillators to prevent
fluid separation around the ship.To understand the character-
istics of the fluidic oscillator, This study constructed an exper-
imental setup. As shown in Figure 11, the experimental setup



consists of a fluidic switching element, a pressure chamber,
and a pressure sensor (PSE560-02, SMC Corporation). The
supply pressure is set to 280 kPa corresponding to the tap wa-
ter pressure in our laboratory. Also, this study adjusted the
orifice diameter in the center of the oscillator by controlling
the switching element’s control port. Figure 12 shows the ex-
perimental results, showing oscillation frequencies of up to
150 Hz depending on the pressure chamber volume and ori-
fice diameter. However, both the frequency and amplitude of
pressure fluctuation exhibited instability. This instability sug-
gests that parameters such as the pressure chamber volume,
tube volume, and orifice diameter have a significant impact
on the oscillation characteristics. Small discrepancies in the
design can strongly influence the oscillation behavior.
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Figure 10: Schematic diagram of conventional oscillator
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Figure 11: Experiment setup for conventional oscillator
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Figure 12: Measured pressure response in oscillator chamber

2.1 Integrated type fluidic oscillator

As mentioned in the previous section, even slight design dis-
crepancies can make it difficult to operate the oscillator when

manufactured according to theoretical specifications. To ad-
dress this issue, this study proposes an integrated type fluidic
oscillator that takes into account of the effects of the chamber,
tubes, and orifices. Figure 13 shows the design of the proposed
integrated type fluidic oscillator.

Building upon a conventional oscillator design, the configura-
tion consists of a fluidic switching element, left and right pres-
sure chambers, and an orifice connecting the right pressure
chamber to the right control port. The proposed oscillator has
following two key characteristics: 1) the right pressure cham-
ber connects to the control port, and 2) the pressure cham-
ber and orifice are integrally molded. By integrally molding
the pressure chamber and orifice with the fluidic element, the
impact of these components on oscillation can be minimized.
Figure 14 shows the operating principle of the oscillator. The
process is as follows: 1) Fluid is supplied from the input port
and flows into both the left and right pressure chambers, 2)
The internal pressure in the pressure chambers, 3) Flow occurs
from the right control port, directing the main flow to the left
pressure chamber, 4) Coanda effect occurs along the side wall
of the oscillator, maintaining the flow direction, 5) The internal
pressure of the left pressure chamber increases and the flow to
the right pressure chamber decreases, 6) The internal pressure
of the right pressure chamber decreases and also the flow from
the right control port decreases, 7) The main flow switches
from the left to the right pressure chamber. By repeating this
process, passive oscillation can be achieved without any ex-
ternal power sources.
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Figure 13: Structure of integrated type fluidic oscillator

Z—r—7—=

(a) Operating principle 2 (b) Operating principle 4

(c) Operating principle 5 (d) Operating principle 6
Figure 14: Operating principle of proposed oscillator

2.2 Analysis of oscillator: Initial conditions

This section evaluates the oscillation performance of the pro-
posed oscillator and analyzes the effect of design parameters



of the oscillator for its oscillation behavior. The analyzed os-
cillator has dimensions of 77.5 mm in length and 43 mm in
width. Table 1 lists the design parameters while Figure 15
visually illustrates these parameters. In these analyses, in-
ternal pressure of chambers pi, p>» and flow velocity of out-
put ports uy,u, are measured. The first analysis focuses on
the output port diameters, T and 77, of the oscillator, as these
diameters influence the oscillation period. Another key para-
meter is the thickness D, which affects the amplitude of pres-
sure fluctuation. Regarding the inlet flow conditions, both the
output port and the left control port of the oscillator open to the
atmosphere, and supply pressure for the oscillator is 300 kPa.
Additionally as shown in Figure 16, the mesh number of the
oscillator set to 640,000, with further refinement by a factor of
1/8 at the center of the oscillator. Also, this study needs to ob-
serve a detailed understanding of the internal flow within the
oscillator, particularly phenomena such as the coanda effect.
For this reason, this study adopted a CFD-based approach.

Table 1: Design parameters of proposed oscillator for analysis

Variable Symbol Value
Chamber width Wrand Wg 15 mm
Output port diameter 77 and Tg 1.4 mm
Oscillator thickness D 10 mm
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Figure 15: Design parameters of proposed oscillator

Figure 16: Analysis model of proposed oscillator

Figures 17 and 18 shows the analysis results for the design
parameters listed in Table 1. Figure 17 describes the velocity
distribution at 0.1 and 0.44 s, respectively. The flow velocity
from the input port can switch from the left pressure chamber
to the split section. Figure 18 shows the time response of p;
and p,. The average pressure in the pressure chamber is 90
kPa and the oscillation period is 0.1 s, and the maximum pres-
sure difference is approximately 25 kPa. Additionally, from

Figures 18, it was confirmed that oscillation is possible, as the
internal pressure is fluctuating at the left output port.

U Magnitude
i 5 6 7 8

U Magnitude
3 4 5 6 7 8 9 11

Figure 17: Velocity distribution of proposed oscillator (left:
0.1s, right: 0.44 s)
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Figure 18: Pressure response of chambers in proposed oscil-
lator

2.3 Analysis of oscillator: Output port diameter

First, the output port diameter of the oscillator, which affects
the oscillation period, is analyzed. Figure 19 shows the results
when W, is changed from 1.4 to 2.8 mm. Top-left to bottom-
right of Figure 19 show the velocity distribution at 0.1, 0.3,
0.4 and 0.5 s respectively. As shown in Figure 19, the flow
velocity oscillates from the input port towards both the left
and right pressure chambers.
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Figure 19: Velocity distribution of proposed oscillator (top-
left: 0.1 s, top-right: 0.3 s, bottom-left: 0.4 s, bottom-right:
0.55s)

Figure 20 describes the time response of internal pressure of
the chambers at p; and p, when T is 1.4 and 2.8 mm. Fig-



ure 20 shows that the average pressure inside the left cham-
ber is approximately 30 kPa at the case that the left output
port diameter is 2.8 mm. Also, by performing analysis of fre-
quency components using FFT (Fast Fourier Transform), the
frequency component was confirmed to be 20 Hz, as shown in
the figure 21. This means 60 kPa reduction in average pres-
sure compared to the previous case with the diameter of 1.4
mm, and the oscillation period is halved. Oscillations between
the left and right pressure chambers and the center split can
be observed when the pressure difference between the left and
right chambers reversed, and when the pressure difference de-
creased to 15 kPa. Therefore, it can be concluded that the out-
put port diameter significantly influences the oscillation period
and plays a crucial role in determining the pressure difference
between the left and right pressure chambers.
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Figure 20: Comparison of internal pressure of chambers
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Figure 21: Frequency component analysis result

Figures 22 and 23 shows the results when T is changed from
1.4 to 2.8 mm. Figure 22 describes the velocity distribution
at 0.1, 0.19, 0.31, and 0.42 s, while Figure 23 shows the time
response of pressure at p; and p>. As seen in Figure 22, the
flow velocity from the input port primarily oscillates towards
the left pressure chamber and the center split. Figure 23 in-
dicates that p; increases significantly by 0.03 s, after which
oscillatory fluctuations are observed. This is thought to be due
to the decreased flow towards the left pressure chamber and
the relatively increased flow towards the right pressure cham-
ber. These results suggest that varying the diameter of the right
output port T affects the oscillation.

U Magnitude
3 4 5 6 7 8 9 e

U Magnitude
a 6 s 9 10

U Magnitude
s 4 5 6 7 8

Figure 22: Velocity distribution of proposed oscillator with
Tr.: 2.8 mm (top-left: 0.1 s, top-right: 0.3 s, bottom-left: 0.4 s,
bottom-right: 0.5 s)
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Figure 23: Pressure response of chambers in proposed oscil-
lator (Tg = 2.8 mm)

2.4 Analysis of oscillator: Chamber volume

Next, this study focused on the chamber volume of the os-
cillator, which is thought to affect the amplitude of pressure
fluctuation, and conducted analysis by varying several para-
meters. Figures 24 and 25 show the analysis results when the
height D is changed from 10 to 15 mm. Figure 24 presents the
flow velocity distribution inside the element at 0.1 and 0.3 s,
respectively. Figure 25 shows the time response of pressure
p1 and p;. As shown in Figure 24, the flow velocity from the
input port moves towards the left chamber. On the other hand,
no clear switching of flow direction to the right chamber is ob-
served. In Figure 25, the average pressures in the left and right
chambers are 75 and 60 kPa, respectively. The pressure differ-
ence between the maximum and minimum pressures is small
and this indicates that the volume of the chambers significantly
affects the amplitude of pressure fluctuation.
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Figure 24: Velocity distribution of proposed oscillator with D:
15 mm (left: 0.1 s, right: 0.3 s)
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Figure 25: Pressure response of chambers in proposed oscil-
lator (D =10, 15 mm)

Figures 26 and 27 show the analysis results when the pres-
sure chamber height D is changed from 10 to 5 mm. Figure 26
presents the flow velocity distribution inside the element at 0.1
and 0.45 s, respectively. Figure 27 shows the time response of
pressure p; and p;. As shown in Figure 26, the flow contin-
ues towards the left chamber. The average pressure in the left
chamber is 120 kPa, and the maximum differential pressure is
30 kPa. This clearly indicates that the volume of the cham-
bers affects the amplitude of pressure fluctuation. Regarding
the periodic oscillation, the period is faster compared to the
period of previous oscillator with the height of 10 mm. This
phenomenon is due to the reduced time required to accumulate
pressure, as the volume of the chamber is decreased. From the
results, it is evident that the diameter of the left output port in
the oscillator affects the oscillation period.
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Figure 26: Velocity distribution of proposed oscillator with D:
5 mm (left: 0.1s, right: 0.45 s)
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Figure 27: Pressure response of chambers in proposed oscil-
lator (D = 5 mm)

3 Analysis of flow separation around ship

In this chapter, this study created a simple ship model and
then CFD analysis shows its behavior when turbulent flow
generated by the proposed oscillator is introduced around the
ship model. This will help clarify the effective oscillation fre-
quency for separation control of ships. The proposed oscillator
is integrated at the separation point on the model shown in Fig-
ure 28. Figure 29b shows the created ship model, and its shape
is taken from the A-A cross-section in Figure 29a. The model
is 3.5 m in length, 1.6 m in width and 0.5 m in height.

I Oscillators

Figure 28: Image of oscillators arrangement at ship

(a) Side view of ship (b) Cross section view

Figure 29: Analysis model of ship

3.1 Analysis of separation control without oscillator

To clarify the optimal oscillation for separation control, the
first analysis is conducted on separation control for the con-
ventional shape without the integrated oscillator. In this ana-
lysis, the applied turbulence model and sampling period are
the same as those in the previous section. The mesh resol-
ution is 640,000, with an additional 1/8 division around the
separation point and a further 1/64 division around the output
port of the oscillator. While this may seem relatively small, the
mesh resolution around the injection point was additionally in-
creased, and the analysis was performed again ant then no sig-
nificant differences were observed. Therefore, this study be-
lieves that this simulation has sufficient validity. The cruising
speed of the ship is 20.5 m/s. Figure 30 shows the analysis res-
ults and illustrates the velocity distribution in the X-direction
which means heading direction of the ship. It is confirmed that
the flow velocity around the ship decreases and spreads from
near the ship side toward the rear of the ship. Additionally, the
result of supplying a steady flow from the oscillator’s output
port, meaning it generates a steady flow instead of a periodic
turbulent flow is shown in Figure 31. It illustrates the flow
velocity distribution in the X-direction, where a negative flow
velocity indicates movement toward the stern. The flow rate
from the oscillator is 20.5 m/s and the oscillator applies only
to the starboard side of the ship (bottom side), with no oscil-
lator on the port side (top side). The decrease in flow velocity
is mitigated on the starboard side compared to conventional
flow, as shown in Figure 31, but no significant reduction in



flow velocity occurs at the rear of the ship. Even with steady
flow applied, separation fails to be sufficiently controlled.

Figure 31: Velocity distribution (w/ steady flow)

3.2 Analysis of separation control with oscillator

In this section, to achieve flow separation control around the
ship, the integrated oscillator is installed into the ship model,
and analyses are conducted to evaluate its effect on flow separ-
ation. The optimal oscillation frequency for separation control
is determined. This study draws on research related to aircraft
wings, which encounter similar separation issues. In the stud-
ies, the concept of reduced frequency F+, commonly used in
aircraft wing separation control, is introduced. It is defined by
following eq. (1) 1l

U ey

where f is the oscillation frequency, [ the characteristic
length, and U the flow velocity. By adjusting this frequency,

the effective oscillation frequency for separation control can
be determined. However, the optimal reduced frequency var-
ies depending on objectives and is often determined experi-
mentally. Therefore, while referencing reduced frequency, this
study investigates separation control around the ship using an
integrated oscillator, examining the effects of oscillation fre-
quencies of 1, 10, and 100 Hz. The ship model, analysis con-
ditions, and flow boundary conditions are as same as those
described above. First, an analysis is conducted with oscil-
lation frequency of 1 Hz applied from the oscillator. Figure
32 illustrates the X-direction flow velocity distribution. The
calculated F* at 1 Hz is 0.17, which is lower than the con-
ventional optimal value for related studies. No significant dif-
ference in flow velocity is observed compared to the previous
analysis shown in Figure 31. In addition, the maximum flow
velocity around the port side of the ship is 16 m/s, while on
the starboard side with oscillator, the maximum velocity re-
mains approximately 16 m/s. These results suggest that a low
F7 is insufficient for effective flow separation control around
the ship. Figure 33 illustrates the analysis results for oscil-
lation frequency of 10 Hz along with the flow velocity dis-
tribution in the X-direction. The calculated F* at 10 Hz is
1.7, which corresponds to the conventional optimal value re-
ported in related studies. Compared to the previous analysis

F+

shown in Figure 31, a reduction in flow velocity is observed
and the maximum flow velocity on the starboard side of the
ship is approximately 18 m/s. These results indicate that the
given FT is effective for controlling flow separation around
the ship. Figure 34 illustrates the analysis results for oscilla-
tion frequency of 100 Hz along with the flow velocity distri-
bution in the X-direction. The calculated F* at 100 Hz is 17,
which is larger than the conventional optimal value reported
in related studies. As shown in Figure 34, however, the de-
crease in flow velocity is effectively mitigated with the max-
imum velocity of 18.5 m/s. The area where the flow velocity
decreases near the rear of the ship seems to be smaller than
the area of the previous analysis in Figure 31. Furthermore,
a reduction in the area where the flow velocity significantly
decreases in the wake of the ship can be observed. The ana-
lyses presented in this chapter demonstrate that the reduced
frequency F* significantly influences flow separation control
in ships. The observed discrepancy is likely attributable to
the omission of fluid property considerations, such as viscos-
ity differences between air and water, in the formulation of
the reduced frequency. Further investigations that incorporate
fluid-specific parameters are required to refine the flow separ-
ation control strategy for this application.

Figure 34: Simulation result of flow velocity of ship (100 Hz)

4 Conclusion

This study focuses on fluidic switching elements that can
switch fluid paths using only fluid, with the aim of develop-
ing an oscillator that can be driven solely by fluid in order



to reduce fluid resistance in ships. In previous fluidic oscil-
lators using switching elements, oscillation occurred without
external input due to the influence of chambers, tubes, and ori-
fices. However, achieving the desired oscillation period and
frequency was difficult due to small design errors in these
components. Therefore, this study proposes an integrated flu-
idic oscillator that combines the chamber and tube into a single
unit. Also, to evaluate the proposed oscillator and clarify the
effects of various design parameters on oscillation, an analysis
was conducted. Results showed that changing the diameter
of the output port of each oscillator modifies the oscillation
period, and adjusting the chamber volume changes the amp-
litude of pressure fluctuation. This enables the design of an
oscillation period and frequency effective in reducing the fluid
resistance of ships. While there have been numerous stud-
ies on the reduction of resistance through fluidic separation,
there are few examples of study focused on ships. There-
fore, this study aims to clarify the oscillations that are effect-
ive in reducing the fluid resistance of the ship. First, a sim-
plified ship model was created, and through analysis, it was
confirmed that separation occurs. For this analysis, this study
focused on separation at a specific height on the ship. Next,
this study assumed the installation of the oscillator at a part
of the ship model and applied oscillations under specific con-
ditions to analyze the separation behavior. The results of the
analysis revealed that an oscillation period in the range of 10-
100 Hz most effectively control separation. As future work,
it is necessary to investigate the separation behavior at differ-
ent heights of the ship and compare it with the current results.
Furthermore, based on these analysis results, this study needs
to design an oscillator with an optimal oscillation period for
separation control and conduct a further analysis of the oscil-
lation when input conditions are altered. Additionally, since
this study mainly focuses on analysis, it will be important to
verify the consistency with experimental results.

Nomenclature
Designation Denotation Unit
D Oscillator thickness mm
f Oscillation frequency Hz
Ft Reduced frequency -
H Offset distance mm
l Characteristic length m
L Split distance mm
P1 Right chamber pressure kPa
P2 Left chamber pressure kPa
53 Left output port diameter mm
Tr Right output port diameter mm
0 Sidewall inclination angle degree
U Flow velocity m/s
u Right outport pressure kPa
uy Left outport pressure kPa
i3 Left chamber width mm
Wr Right chamber width mm
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