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ABSTRACT 

The improvement of the fluidic oscillator as an active flow control device is 

studied in depth. The interior geometry of the fluidic oscillator is modified by 

adding backward-facing step (BFS). Variations of BFS height (H) are 2, 4, 6, 8, 

and 10 mm. The study is carried out computationally using OpenFoam. An 

unstructured mesh is used in this study, with the mesh quality maintained at 

y+<5. The highest frequency increase occurs at BFS height of 10 mm, which is 

36.45%. On the other hand, BFS also increases the average pressure drop by less 

than 5%, as observed across all height variations. Overall, this study suggests 

using BFS height of 10 mm. The increase in the momentum of the return flow 

within the feedback channel leads to a higher oscillation frequency of the fluidic 

oscillator. The increase in average pressure drop is due to the presence of a 

recirculation bubble right in the step. 
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1. INTRODUCTION 

Flow control is a field of study that encompasses the 

rapidly evolving areas of fluid mechanics and fluid 

dynamics. Humans can produce high-quality energy 

conversion and conservation devices by implementing 

flow control. This knowledge can be used in wind turbines 

to work more optimally (Koklu & Owens, 2017). It will 

increase the system's efficiency and affect the production 

of electrical energy. Flow control can also significantly 

impact energy conservation (Kara et al., 2018). By 

studying flow control, the aerodynamic efficiency of 

vehicles will increase so that they can save fuel usage 

significantly  (Metka & Gregory, 2015).  Flow control can 

also be applied in the skyscraper buildings. Building 

collapse due to wind exposure, which causes vortex 

shedding, can also be avoided by studying flow control 

(Frank, 2018). 

Flow control is very closely related to the study of 

boundary layers, which was first put forward by Ludwig 

Prandtl in 1904. In his research, Ludwig Prandtl tried to 

control fluid flow, especially boundary layer separation 

using suction and blowing methods (Anderson, 2005). In 

general, active flow control is a method that requires extra 

energy to operate, and adjustments can be made while it is 

operating. It differs from passive flow control, which does 

not require additional energy but is very difficult to adjust. 

Therefore, the active flow control method suits real-time 

and unsteady flow conditions. However, active flow 

control has a more significant impact than passive flow 

control. Many active flow control devices are available, 

including suction, blowing, synthetic jet, plasma actuator, 

fluidic oscillator, and others. The fluidic oscillator is an 

active flow control device that is very simple to design 

(Harinaldi et al., 2015). 

Woszidlo et al. (2015) conducted a study on the 

volume rate and volume of fluid flow in a feedback 

channel at several bulk velocity variations. The results 

show that the flow rate entering the feedback channel has 

different values depending on the oscillation phase and 

bulk velocity. However, the volume of fluid entering the 

feedback channel is independent of bulk velocity 

variations. Another study compared the performance of a 

fluidic oscillator against a steady jet using experimental 

methods. The results show that the fluidic oscillator jet is 

superior to steady jet in terms of momentum, mass flow, 

and energy produced. It is caused by several things,  
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NOMENCLATURE 

H height of BFS   y+ dimensionless parameter of first cell grid 

i, j indices  δ boundary layer thickness  

k turbulent kinetic energy   ɛ dissipation rate  

p order of mesh independence test  µ dynamic viscosity of fluids  

t time   ν kinematic viscosity of fluid  

u instantaneous velocity   ρ density of fluid  
'u  velocity fluctuation   σ coefficients in turbulence model 

u  velocity average   φ phase angle 

x, y spatial coordinates  ω specific rate of dissipation  

 

including a larger jet spreading angle, broader spanwise 

coverage, and stronger coherent vortices than the steady 

jet (Otto et al., 2019). Krüger et al. (2013) conducted a 

comparative study between computational fluid dynamics 

(CFD) and experimental particle image velocimetry 

(PIV). The results of the study show that numerical 2D 

modeling shows the best results, being closest to 

experimental results. The governing equation that 

produces the recommended results is Reynolds-Averaged 

Navier-Stokes (RANS) with the k-omega SST turbulence 

model. Several studies regarding fluidic oscillator can be 

seen in Table 1. 

Tony et al. (2021) modified the concept of Integrated 

Microfluidic Circuits (IMCs) into Soft Microfluidic 

Systems (SMS). In addition, the concept of a valve 

mechanism for SMS was also developed. Overall, a 

simpler and more compatible microfluidic was produced. 

Farahinia et al. (2020) conducted a review study to 

separate circulating tumor cells (CTCs) from the blood. 

This has challenges, including the fact that CTCs have a 

shape similar to blood cells. Therefore, several solutions 

are offered: microfluidic technology, Lab-on-a-Chip and 

Lab-on-a-CD. Farahinia et al. (2023) applied microfluidic 

to separate CTCs from the blood. Microfluidic devices 

have been shown to work more efficiently and sensitively. 

However, further studies are still needed to improve 

microfluidic performance. 

Portillo et al. (2021) conducted an experimental study 

to determine the effect of scaling down a fluidic oscillator 

on oscillation frequency and oscillation angle. The study 

was carried out experimentally using the pressure variable 

as input. Findings indicate that scaling down the fluidic 

oscillator can produce a higher oscillation frequency. 

However, the oscillation angle of the fluidic oscillator 

becomes smaller when the fluidic oscillator is scaled 

down. Increasing the inlet pressure can also reduce the 

oscillation angle in all variations of scaling down (Portillo 

et al., 2021). Yang et al. (2007) developed a BFS fluidic 

oscillator model and investigated its performance 

experimentally using PIV. The BFS fluidic oscillator 

caused an increase in the oscillation frequency and 

average pressure drop. The increase in the average 

pressure drop is higher when the mass flow rate increases. 

The best of our knowledge, not much research has 

discussed efforts to improve the performance of fluidic 

oscillators. One promising way to improve the 

performance of fluidic oscillator is by adding BFS. 

However, BFS has the drawback of increasing the average 

pressure drop. Additionally, the use of BFS for the general 

model of two-feedback-channel fluidic oscillator has not 

yet been explored. Therefore, this is carried out to improve 

the performance of the fluidic oscillator from the 

perspective of oscillation frequency and average pressure 

drop by modifying BFS height (H). The height of BFS on 

the fluidic oscillator has also yet to be studied by previous 

studies and is an interesting aspect that needs further study 

in this research. The overall scope of this research can be 

seen in Table 1. This research varied the height of the BFS 

from 2, 4, 6, 8, and 10 mm. With this research, the 

development of fluidic oscillator designs will become 

more widespread and produce reliable fluidic oscillators. 

 

Table 1 Several studies on fluidic oscillators 

Study 
RANS 

modelling 

Characteriz

ation 

Parametric 

Study 

Common 

model 
BFSFO 

BFS 

modification 

Woszidlo et al. (2015) √ √ × √ × × 

Otto et al. (2019) × √ × √ × × 

Krüger et al. (2013) √ × × √ × × 

Portillo et al. (2021) × √ × √ × × 

Yang et al. (2007) × × × × √ × 

Seo et al. (2018) √ √ √ √ × × 

Liu et al. (2022) × √ × × × × 

Tesař et al. (2012) × √ × × × × 

Bobusch et al. (2013) × √ × √ × × 

Gaertlein et al. (2014) × √ × √ × × 

Current study √ √ √ √ √ √ 
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Fig. 1 Geometry of Fluidic Oscillator 

 

2. METHODOLOGY 

2.1 Fluidic Oscillator as Flow Control Devices 

Implementing the fluidic oscillator as an active flow 

control device is an interesting choice due to its simple 

design. Another advantage of the fluidic oscillator is that 

it can operate without using moving parts and electronic 

components. There are several types of fluidic oscillator, 

but the two-feedback channel model is the most used 

fluidic oscillator  (Tajik et al., 2021). The Coanda effect 

phenomenon is the mechanism by which the two-

feedback-channel fluidic oscillators produce oscillating 

fluid flow. Initially, the fluid that enters through the inlet 

nozzle into the mixing chamber attach upper or lower 

mixing chamber (Nili-Ahmadabadi et al., 2020). Some 

fluid will continue moving towards the nozzle outlet, 

while the rest will move towards the upper or lower 

feedback channel (Löffler et al., 2021). The geometry of 

fluidic oscillator is shown in Fig. 1.  

2.2 Backward-Facing Step (BFS) 

The BFS is a geometric model deliberately designed 

to produce fluid flow separation. This fluid flow 

separation occurs right at the end of the step. A 

reattachment point follows fluid flow separation. The flow 

separation is filled by a primary recirculation region 

whose size changes and produces natural oscillations with 

a particular frequency. As a result, the location of the 

reattachment points changes on a particular time scale. 

Meanwhile, a secondary recirculation region can be found 

in the corner of the BFS. Many terms refer to BFS, 

including sudden expansion flows, backward flows, 

circular expanding flows, diverging channels, and back-

step flows. Even though the BFS is a 3D geometry, the 

fluid flow analysis can be simplified to a 2D form while 

maintaining the important fluid flow features produced by 

the BFS (Scharnowski et al., 2017). BFS can be seen in 

Fig. 2 (Biswas et al., 2004). 

2.3 BFS Height in Fluidic Oscillator 

This research applies a BFS to the mixing chamber of 

the fluidic oscillator. There are two BFS installed each on 

the upper and lower walls of the mixing chamber.  It is 

expected that with the presence of BFS in the mixing 

chamber fluidic oscillator, there will be an amplification 

of the oscillation fluid flow inside fluidic oscillator and the 

separated flow due to BFS. With this amplification, it is 

expected that there will be an increase in the overall 

oscillation frequency. Several variations of the BFS height 

(H) have been proposed, i.e., 2, 4, 6, 8, and 10 mm. BFS 

height variations are carried out to determine the ideal 

height to produce a BFS fluidic oscillator with high 

frequency and low average pressure drop. The mass flow 

rate for each variation is kept constant at 80 kg/h. The BFS 

fluidic oscillator can be seen in Fig. 3.  

 

 

Fig. 2 BFS flow structure 



W. Iskandar et al. / JAFM, Vol. 18, No. 5, pp. 1205-1216, 2025.  

 

1208 

 

Fig. 3 BFS height to be varied 

 

 

Fig. 4 Boundary condition of fluidic oscillator 

 

2.4 Boundary Condition 

The boundary condition type in the inlet of the fluidic 

oscillator is flowRateInletVelocity, where the fluid input 

is mass flow rate. At the outlet, the boundary condition is 

pressure-outlet, with the type of boundary condition being 

fixedValue. All walls in the fluidic oscillator are set as 

wall no-slip. Since the simulations are done with two 

dimensions, the boundary condition in front and back of 

fluidic oscillator is empty. The boundary conditions in this 

study can be seen in Fig. 4.  

2.5 Pre-Processing 

 CFD involves several preparations, from the initial 

creation of the computer-aided design (CAD) design to the 

selection of governing equations. The fluidic oscillator 

design used is the one initially created by Bray and later 

published by Portillo et al. (2021). After creating a CAD 

design, a mesh can be formed. The mesh chosen is an 

unstructured mesh. Furthermore, the mesh is created in 

y+<5, as in Fig. 5. After the mesh is created, the choice of 

governing equation can be determined. The governing 

equation chosen is Unsteady Reynolds-Averaged Navier-

Stokes (URANS). URANS is the Navier-Stokes equation 

that has been modified to produce a numerical governing 

equation with a low iteration cost. The modification is  

 

Fig. 5 Mesh on fluidic oscillator 

 

done by averaging each variable so that the fluctuating 

component is equal to 0. The URANS equation is 

mathematically given in equations 3 and 4, which consist 

of the mass and momentum conservation equations, 

respectively (Iskandar, 2022). Meanwhile, the turbulence 

model to complete the RANS equation is SST k-omega. 

SST k-omega was chosen because it is a turbulence model 

that produces the best accuracy. The accuracy of SST k-

omega is proven in a study by Kruger et al. (2013). In 

addition, this turbulence model only consists of two 

equations, so it has a low cost of iteration.  The 

mathematical equation can be seen in equations 5 and 6 

(Lacombe et al., 2019). 
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2.6 Velocity Profile Extraction 

The fluid flow in the internal fluidic oscillator is 

analyzed through the velocity profile. There are four 

straight lines created. Two lines in the mixing chamber  
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Fig. 6 Velocity profile location 

 

consist of the before and after steps in the BFS. The 

remaining two are in the lower feedback channel. Velocity 

profile in the mixing chamber is used to observe the 

primary jet flow pattern in the mixing chamber. Other 

velocity profiles in the feedback channel are used to 

observe the return flow to suppress the primary jet in the 

mixing chamber. The specific location of the velocity 

profile can be seen in Fig. 6. 

3.  RESULTS AND DISCUSSION 

The error rate of the computational results is 

confirmed through the validation stage. Numerical results 

are compared to experiments conducted by Gaertlein et al. 

(2014). Validation is carried out at mass flow rates ranging 

from 10 kg/h to 90 kg/h. The relationship between mass 

flow rate and oscillation frequency produced through 

computational results is linear. These results are similar to 

the experimental results. Apart from being similar in the 

relationship between mass flow rate and frequency, 

computational and experimental results also show that 

frequency are not much different. The results show that 

the highest percentage error occurs at a mass flow rate of 

30 kg/h with an error of 13.94%. Meanwhile, the lowest 

error was observed at high mass flow rates, where at 80 

kg/h and 90 kg/h, the errors produced were 1.94% and 

2.09%, respectively. Overall, it can be concluded that the 

data from computational or numerical studies show quite 

satisfactory results. So that the data can be considered 

quite valid. Validation can be seen in Fig. 7. 

Verification is a stage to check whether the mesh used 

for the computing process is good enough or whether 

improvements are needed regarding the number of 

elements. This process is also known as the mesh 

independence test which generalized by Roache (Roache, 

1994). Three meshes are proposed to pass this stage: 

coarse with 38544 elements and element size 0.0032. 

Meanwhile a medium mesh has a total of 77240 elements 

and an element size of 0.0025. The mesh with the highest  

 
Fig. 7 Validation 

 

Table 2 Mesh Independence Test  

Mesh r Freq. 
Approximation 

value 
Error 

Fine 

2 

23.97 

23.971 

0.008% 

Medium 23.85 0.508% 

Coarse 21.97 8.351% 

 

number of elements is fine, with an element size of 0.002. 

The results of the mesh independence test can be seen in 

Table 2, where the number of mesh independence test 

results is close to 1 (Julian et al., 2023). It means that the 

mesh has met the convergence criteria. By calculating the 

error of the approximation value, it can be concluded that 

the mesh with fine elements shows the best results and will 

be used for the overall computing process. 

The computational results show that using a BFS on 

the fluidic oscillator affects the oscillation frequency. 

However, the oscillation frequency varies depending on 

the height of the BFS. At a height of 2 mm to 6 mm, the 

oscillation frequency remains constant at 21.97 Hz. It 

means that changing the height of the BFS from 2 mm to 

6 mm does not affect the oscillation frequency. When the 

height is changed again to 6 mm, the frequency changes 

quite significantly, namely 25.97 Hz. The frequency 

change continues if the height of the BFS is changed to 10 

mm. The oscillation frequency at a height of 10 mm is 

27.97 Hz. Overall, it can be concluded that if you want to 

produce the highest frequency, it is recommended to use a 

BFS height of 10 mm. A graph showing the relationship 

between changes in the height of the BFS and changes in 

the oscillation frequency produced by the fluidic oscillator 

can be seen in Fig. 8.  

In order to obtain more comprehensive information 

regarding the oscillation frequency produced by the fluidic 

oscillator, the analysis is deepened by discussing the 

frequency differences compared to the baseline fluidic 

oscillator. This data also can be seen in Fig. 7. At heights 

of 2 up to 6 mm, the oscillation frequency increases when 

compared with the baseline. The increase is found to be 

7.21%. This percentage then increases more rapidly if the 

height is also increased to 8 mm and 10 mm. At a height  
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Fig. 8 Frequency of each variation Fig. 9 Pressure drop average of each variation 

 

 

 
 

(a) phase 0° (b) phase 60° 

  
(c) phase 90° (d) phase 180° 

Fig. 10 Velocity profile in the feedback channel before BFS 
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(a) phase 0° (b) phase 60° 

  
(c) phase 90° (d) phase 180° 

Fig. 11 Velocity profile in the mixing chamber before BFS 

 

of 8 mm, there is an increase in the oscillation frequency 

by 26.7%. Besides that, at a height of 10 mm, there is an 

increase in the oscillation frequency of 36.45%. This 

increase in oscillation frequency is caused by BFS, which 

produces bubbles to encourage more fluid flow to enter the 

feedback channel. If the fluid flow into the feedback 

channel has greater mass and momentum, it can press the 

main jet in the mixing chamber faster to increase the 

oscillation process. 

Average pressure drop is another parameter that must 

be considered in fluidic oscillator performance analysis. 

The average pressure drop is closely related to the energy 

deficit in the operation of the fluidic oscillator. The 

relationship between the height of the BFS and the 

pressure drop average is clearly shown in Fig. 9. Changes 

in height from 2 mm, 4 mm to 6 mm impact changes in the 

average pressure drop. It turns out to be in contrast when 

viewed from the perspective of the frequency at which the 

height changes from 2 mm to 6 mm less affect the 

frequency. The average pressure drop fluctuates with 

changes in the height of the BFS. It can be seen at the 

heights of 4 mm and 10 mm, which are experiencing an 

increasing trend compared to the previous height. The 

fluctuating average pressure drop in parametric studies 

was also found in Yang et al. 2024 research. Thus, it is 

necessary to analyze the average pressure drop difference 

against the baseline under the same fluid flow conditions 

to gain a deeper understanding. 

The average pressure drop difference is a percentage 

difference between the average pressure drop data from 

each height variation and the fluidic oscillator baseline. 

All average pressure drops produced by the BFS fluidic 

oscillator are greater than the baseline fluidic oscillator, so 

the percentage is positive. The average pressure drop for 

the baseline fluidic oscillator itself is 855.56 Pa. Figure 8 

shows that all height variations have a relatively small 

percentage increase where the increase is less than 5%. 

However, the lowest increase is obtained when using a 

BFS with a height of 8 mm, where the resulting increase 

was 0.506%. The highest increase occurred at the height 

of the BFS of 10 mm, where the increase was 3.396%.  

Thus, increasing BFS height is insignificant regarding 

the average pressure drop. Considering the frequency and 

average pressure drop, it is recommended to use a fluidic 

oscillator with a height of 10 mm because the increase in 

frequency is quite high, namely 36.45%, with a relatively  
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(a) phase 0° (b) phase 60° 

 
 

(c) phase 90° (d) phase 180° 

Fig. 12 Velocity profile in the feedback channel inline BFS 

 

very low increase in average pressure drop, namely only 

3.396%. 

The BFS with a height of 8 mm and 10 mm is chosen 

as a sample to compare with the baseline model. The 

velocity profile in the lower feedback channel before 

going through the BFS can be seen in Fig. 10. Phase 0° 

occurs when the lower feedback channel is active to send 

a reverse flow to pressurize the main jet in the mixing 

chamber. The velocity profile is negative because the flow 

through the feedback channel is reverse flow. In other 

words, if look at the fluid flow in the feedback channel, 

the more negative the velocity value, the greater the 

momentum of the reverse flow. It can be seen that the use 

of BFS can increase the momentum in the feedback 

channel and suppress the main jet so that the oscillation 

frequency becomes greater. momentum then decreases 

when the phase becomes 60° because there is a shift in 

activity from the lower feedback channel to the upper 

feedback channel. Furthermore, when the oscillation 

phase becomes 90°, the phase crosses from lower to upper 

so that the velocity profile is almost symmetrical between 

the upper and lower half. Meanwhile, when the phase is 

180°, the lower feedback channel is no longer active, and 

the upper feedback channel is active. So, the velocity 

value is relatively smaller compared to other phases.  

The velocity profile in the mixing chamber before 

going through the BFS can be seen in Fig. 11. In phase 0°, 

the jet should be on the upper wall of the mixing chamber. 

The jet attached to the upper wall of the mixing chamber 

is observed in all fluidic oscillator models. This jet will 

then move towards the lower wall as the oscillation phase 

increases until it reaches the 180° phase. The difference in 

velocity profile is also visible in the jet in the mixing 

chamber. It is observed at phase 60°. The jet appears to 

have less momentum than BFS. In the 90° phase, the jet's 

transition phase, the jet is closer to the lower mixing 

chamber than the 60° phase. The complete 180° phase 

shows that the jet is attached to the lower wall of the 

mixing chamber. 

The velocity profile in the lower feedback channel 

can be seen in Fig. 12. Similar to the zone before the BFS  
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(a) phase 0° (b) phase 60° 

  

(c) phase 90° (d) phase 180° 

Fig. 13 Velocity profile in the mixing chamber inline BFS 

 

in Fig. 10, the momentum shown by the velocity profile is 

greater in the fluidic oscillator with the BFS. Apart from 

that, height 10 mm shows a slight difference when 

compared to height 8 mm. Momentum at height 10 mm is 

greater than momentum at height 8 mm. It is done with 

greater frequency as well. The increase in momentum at 

height 10 mm is also visible at the 60° phase. If you look 

at the 90° phase, the characteristic velocity profile 

produced by the jet is the same as shown in Fig. 11(c). A 

slight difference occurs in the 180° phase where height 8 

mm shows greater momentum than 10 mm. However, this 

is not significantly influenced because, at the 180° phase, 

the lower feedback channel is inactive in channeling the 

reverse flow. 

Analysis of the velocity profile in the mixing 

chamber, especially in the BFS, can be seen in Fig. 13. In 

detail, the jet on the BFS shows a larger y coverage. It is a 

consequence of the BFS, thereby increasing the area 

through which fluid flows. The jet in the mixing chamber 

also shows that with the presence of a BFS, there is a 

significant increase in momentum. However, this 

difference is insignificant when compared between height 

8 mm and height 10 mm. This discussion is very relevant 

in phases 0° and 180°. In the 60° phase, there is a change 

in the fluid flow pattern for BFS FO where the velocity 

profile produces more than one maximum peak. It is due 

to the jet being split and spread out. The characteristics of 

this jet will be very easy to see on the velocity contour. In 

phase 90°, the characteristics of the jet produced are the 

same as those of the jet in the mixing chamber before 

passing through the mixing chamber. Phase 180° also 

shows that the jet is perfectly attached to the lower wall 

mixing chamber. 

The fluid flow streamlines in the fluidic oscillator for 

the baseline and BFS models is depicted in Fig. 14. When 

the oscillation phase of the fluidic oscillator is 0°, the 

recirculation bubble is right in the lower wall mixing 

chamber, and the primary jet is in the upper wall mixing 

chamber. It is observed in the baseline fluidic oscillator 

and BFS. Apart from that, several small bubbles around 

the main bubble are much larger. The center of the small 

bubble is not exactly near the step, so the increase in 

average pressure drop is not very significant compared to 

the baseline model (Yang et al., 2007). This large bubble  
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(a) baseline phase 0° (b) baseline phase 60° 

  

(c) baseline phase 90° (d) baseline phase 180° 

  

(e) BFS H=8 phase 0° (f) BFS H=8 phase 60° 

  

(g) BFS H=8 phase 90° (h) BFS H=8 phase 180° 

  

(i) BFS H=10 phase 0° (j) BFS H=10 phase 60° 

  

(k) BFS H=10 phase 90° (l) BFS H=10 phase 180° 

Fig. 14 Streamline 

 

  

(a) baseline phase 0° (b) baseline phase 60° 

  

(c) baseline phase 90° (d) baseline phase 180° 

  

(e) BFS H=8 phase 0° (f) BFS H=8 phase 60° 

  

(g) BFS H=8 phase 90° (h) BFS H=8 phase 180° 

  

(i) BFS H=10 phase 0° (j) BFS H=10 phase 60° 

  

(k) BFS H=10 phase 90° (l) BFS H=10 phase 180° 

Fig. 15 normalized x-component Velocity contour 
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then becomes smaller as the phase develops and appears 

on the upper wall of the mixing chamber. The appearance 

of bubbles on the upper wall is first observed in the 

baseline model, where at the 60° phase, the bubbles for the 

baseline were much larger compared to the BFS model. 

The bubble for the BFS model appears to enlarge at the 

90° phase and then reaches a perfect shape at the 180° 

phase. On the other hand, the bubble that previously 

formed in the lower wall of the mixing chamber slowly 

becomes smaller as the phase increases until it completely 

disappears at phase180°. 

The global velocity distribution can be seen in the 

velocity contour. At phase 0°, it can be seen that the jet is 

attaching to the upper wall and is then followed by the 

lower wall mixing chamber which is becoming a return 

flow channel (Portillo et al., 2022). A fairly large negative 

velocity characterizes this. The transition phase at the 60° 

phase also shows conditions in the lower feedback channel 

where the momentum decreases while the momentum in 

the upper feedback channel continues to increase. The 

main jet in the mixing chamber has also been separated 

from the mixing chamber. At phase 90°, it tends towards 

the center, moves to the lower mixing chamber, and is 

followed by the upper feedback channel, which is 

increasingly filled with reverse flow. It is caused by a 

more intensive mixing process in the mixing chamber due 

to flow separation with varying sizes according to certain 

natural frequencies, thereby pressuring the fluid to move 

more toward the feedback channel. Phase 180° has shown 

the jet attached to the lower wall mixing chamber. The 

velocity contour for the fluidic oscillator can be seen in 

Fig. 15. 

4. CONCLUSION 

Modifications are made to the geometric structure of 

the two-feedback channel fluidic oscillator by applying a 

BFS at the location of the mixing chamber of the fluidic 

oscillator. The height varies to obtain a best-performing 

model. The height of BFS in the mixing chamber varied at 

2, 4, 6, 8 and 10 mm. The performance of the fluidic 

oscillator is seen from the frequency and pressure drop 

average. BFS increased the oscillation frequency 

produced by the fluidic oscillator. At heights of 2, 4, and 

6 mm, it is known that the increase in frequency is 7.21%. 

This increase in frequency continues to increase to 26.7% 

when the height of the BFS becomes 8 mm. If the height 

is increased again to 10 mm, then the percentage increase 

in frequency is 36.45%. The average pressure-drop shows 

that there is an increase when the BFS is applied. 

However, this increase is not significant, where the 

average pressure drops increases less than 5%. Thus, a 

BFS with a height of 10 mm is recommended. The 

increase in frequency in the BFS fluidic oscillator is 

caused by an increase in momentum in the feedback 

channel so that it can suppress the primary jet in the 

mixing chamber to move towards another wall of the 

mixing chamber immediately. The increase in average 

pressure drop is caused by secondary recirculation bubbles 

appearing right at the step. 

Through this study, there is an increase in the 

performance of the fluidic oscillator, especially from the 

perspective of oscillation frequency. The increased 

oscillation frequency is expected to make fluidic 

oscillators more suitable for aerodynamic applications, as 

it will not require jet input with a high mass flow rate. In 

other words, there is a decrease in the minimum input 

value so that energy savings occur. Through these energy 

savings, the aircraft is expected to operate more fuel 

efficiently. If fuel savings occur, emissions resulting from 

combustion can also be reduced. This certainly has a 

positive impact on the environment. 
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