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Abstract.The cavity can be commonly found in aircraft and they are used to store weapons, 

cargo and also landing gear. Despite the importance of cavity, they can cause vibrations and 

noise that can disturb the aircraft performance. In order to overcome these problems, the 

microvane had been studied in controlling noise on open cavity flow. The investigation was 

carried out at a flow speed of 64.97 meters per second with Reynolds number of 4.3 × 10
6 

per 

meter on cavity with length over depth ratio of 5. The study tested two configurations of 

microvane which are counter-rotating and co-rotating orientation. The results show that 

counter-rotating microvane performed better than co-rotating microvane to suppress cavity 

noise. The use of counter-rotating microvane managed to reduce the sound pressure level 

throughout the cavity by 3 % with the highest reduction of 24 decibels. However, the co-

rotating microvane cause overall increase of sound pressure level by 0.3 % with the highest 

reduction of 7 decibels. 

1.  Introduction 

Nowadays, modern higher performance aircraft serve as a carriage for cargo components that are 

placed inside the cavities embedded in the fuselage. For modern tactical fighter aircraft, the weapons 

such as missiles, air-to-ground bombs and guns are stored inside the bay. Due to the importance of 

cavity, it has been a subject of interest in the past and also recent years.  

There are three types of cavity flow which are open, transitional and closed [1]. The authors also 

described the boundaries at which each type occur at supersonic flow. For open cavity flow, it usually 

occurs at cavities with maximum length over depth L/D ratio less than 10. Meanwhile, closed cavity 

flow occurs at cavity starting from L/D ratio of 13 and transitional cavity flow can occur between 

closed and open flow cavity at L/D ratio from 10 to 13. 

Even though the presence of cavities are common in an aircraft such as weapon bays [2-4] and 

landing gear [5], flow over cavity can have detrimental effects on the aircraft performance. For 

example, flow inside the open cavity is highly unstable and cause noise and vibrations that can lead to 

fatigue [6-9]. Rowley [8] and Izawa [9] stated that optical distortion and separation problems can 

occur inside weapon bay in a high-speed flow. Meanwhile, the flow in the closed cavity can increase 

drag and more susceptible to pitching up moments due to the adverse pressure gradient [1]. 

In order to overcome the disadvantages of cavity flow, there are two types of flow control method 

that can be used which are active and passive flow control. According to Jansen [10], active flow 

control involves additional of external energy added into the system especially into flow separation 
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region to overcome the problems. Among the active flow control devices that have been studied are 

jets [11, 12-14], pulsed energy deposition [15, 16] and oscillating fences [17]. Nonetheless, this 

technique is expensive and complicated in design and will not be discussed further in this paper.  

Passive flow control is a method that does not require additional energy to control the cavity flow 

separation. The passive flow control is usually rigid geometric structure was placed at the incoming 

airflow and then interrupts the airflow without adding additional energy to the system [18]. In 

addition, this flow control technique is inexpensive and simple in design. The examples of passive 

flow control devices included static fences [17], spoiler [8, 14] and transverse rod [14, 19]. The 

purposes of passive control devices are to deflect or thicken the shear layer over the cavity to deduce 

its interaction with the cavity trailing edge [5, 18, 20]. Furthermore, Rowley et al [19] stated that as the 

amount of impingement of the shear layer, the amplitude of the resonant acoustic feedback mechanism 

could be reduced. 

Even though there are a lot of research regarding passive control devices, they are only efficient in 

certain flow conditions and can cause an increase in drag. In order to overcome this issue, the use of 

micro vortex generator (MVG) had been proposed. MVG is a device that has height is only a fraction 

of a boundary layer height, δ [21]. Research conducted by Lin [22] recorded that vane shaped MVG or 

microvane is the best in preventing flow separation where the flow separation can be delayed up to 30 

%. Furthermore, microvane also eliminate shock induced separation by producing vortices that have 

higher energy and much further apart that facilitate the energising of the boundary layer [23]. 

There are two orientations of microvane that can be commonly found which are co-rotating and 

counter-rotating [22, 24]. Co-rotating microvane consist of VG’s arranged parallel to each other with a 

respective angle such as 30
o
, 45

o
 or 60

o
.Meanwhile, the arrangement of counter-rotating microvane 

needs two couples of VGs. The first VGs and third VGs have the same angle while the second VGs 

and fourth VGs have the same angle but in opposite way [24].  

The microvane had been used in many applications such as aerofoil, fuselage and also to control 

flow in aircraft engine inlet system [21]. Despite the wide use of microvane in different aircraft 

component, there are still not many research regarding the use of microvane to control cavity flow. 

Therefore, this research will focus on the capabilities of microvane to control noise on closed cavity 

flow. 

2.  Methodology 

The methodology of this research can be divided into several parts. The following are the details of the 

steps taken in conducting this research. 

2.1.  Design of the cavity model  

SOLIDWORKS 2015 was used to model the cavity for the flow simulation. The model was designed 

with a curve ramp and slot where the VG will be placed. The cavity model had an L/D ratio of 5 with 

the length set 25 cm and depth of 5 cm. There are 10 points that had been marked on the cavity floor 

that were used for pressure measurement. Details on the dimensions of the model is shown in Figure 1. 

 

Figure 1. Dimensions of the cavity model. 
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2.2.  Details of computation 

The computational domain used was taken from [25] is shown in Figure2 and all of the solid surfaces 

were imposed with the no-slip condition. For all of the cases, the flow speed used was 64.97 m/s and 

the Reynolds number based on the cavity length was 4.3× 10
6
/m. The ambient pressure and 

temperature were set to 101.325 kpa and 20 
o
C. The model for computation was SOLIDWORKS 

turbulence model that was based on modified k-ε turbulence model with damping functions proposed 

by Lam & Bremhorst [26] where the intensity used was 0.1 % with a length of 0.0001 m. The global 

meshing was done using automatic settings with the highest resolution, 8 and level 4 refinement. 

Furthermore, the local initial mesh was also applied on all of the model top surface and inside the 

cavity with same resolution and level of refinement. Figure 3 and Figure 4 shows the details of the 

global mesh and local initial mesh where each level of meshing was labelled with letter A for coarse, 

B for medium and C for fine. The meshing for the simulation was set to adaptive where the size of the 

cell will automatically refine on the critical areas of the flow during calculation.  

 

Figure 2. Size of the computational domain. 

 

Figure 3. Simulation global mesh. 

 

 

Figure 4. Simulation local initial mesh. 

2.3.  Microvanes parameters 

The simulations were done in both counter-rotating and co-rotating microvane. Before the microvanes 

were tested, simulation of the clean cavity was done to determine the boundary layer thickness, δ that 
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was used to design the microvane. Figure 5 shows the design of microvanes and the details of the 

microvane dimensions are shown in Table 1. 

 

 
 

(a) 

 
 

(b) 

Figure 5. Orientation of microvanes (a) counter-rotating (b) co-rotating. 

 

Table 1. Dimensions of microvanes. 

 h β t (mm) d (mm) L λ s 

Counter-rotating 0.4δ 18
o 

0.8 20 9h 6h 2.5h 

Co-rotating 0.4 δ 18
o 

0.8 20 9h 6h - 

        

In Table 1, the following letters h, β, t and L represents the height, angle, thickness and the microvane 

length. In addition, λ, s and d represent the distance between microvane, the spacing between counter-

rotating microvane and also the location of microvane away from the leading edge. Details of the 

microvane position are shown with letter A in Figure 1.  

2.4.  Measurement of sound pressure level  

The sound pressure level (SPL) had been chosen to quantify the ability of the microvane to suppress 

noise inside an open cavity. The value was computed along the cavity floor for all cases. 10 static 

pressure measurement along the cavity flow were taken by using the point goals function in 

SOLIDWORKS. Then, the pressure measurement was used to calculate the SPL using Formula 1 [27]. 

 

    (  )          (
  

    
 )                                                 (1) 

 

The value of p is the pressure measured at a pressure point in Pascal and pref is the international 

standard for minimum audible sound 2 × 10
-5

 Pa. 

3.  Results and discussion 

3.1.  Validation of simulation 

Validation of the flow simulation was conducted by replicating the analysis conducted by Lawson & 

Barakos [25] using SOLIDWORKS 2015 flow simulation software. The paper was chosen due to the 

similarity in the type of cavity used, the parameter used to quantify the cavity noise suppression. The 

cavity model was positioned at zero yaw and pitch angle with the Mach number of the flow set to 

0.85. The cavity had a length of 20 inches and depth of 4 inches with the L/D ratio of 5. The 

simulation was conducted without using any flow control devices and the pressure was measured at 

ten points along the floor of the cavity.The data obtained from the validation were collected and 

compared with the experimental data. The pressure readings obtained were used to calculate the SPL. 

Figure6 shows the comparison between the SPL on cavity floor from the simulation and experiment 

Lawson & Barakos [25]. 
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Figure 6 shows that the magnitude of the SPL was different for four points along the cavity 

between x/L = 20 % to x/L = 60 %. This might be caused by the turbulence model used by 

SOLIDWORKS were different compared to the one used by Lawson & Barakos [25].Even though, the 

simulation shows some discrepancies, the overall margin of error between the simulation and 

experiment were within 3% which is in line with the research conducted by the authors [25]. 

 

 

Figure 6. Comparison of SPL distribution across cavity floor. 

 

     Furthermore, the validation was also done qualitatively on the model of the cavity baseline. The 

streamline plot for the simulation was compared the description of the open cavity from Lada & 

Kontis [11]. Research from the authors was used as a comparison due to the same type of cavity and 

also similar flow speed. The comparison between the cavity flows is shown in Figure 7. 

     From Figure 7, the simulation shows similarities with Lada & Kontis [11] where there is huge 

recirculation of flow inside the cavity. Even though the experiment conducted by the authors have 

slightly higher flow speed at 100 m/s and lower L/D ratio of 2 both experiments shows that there is 

huge recirculation of flow inside the cavity. The simulation also shows that there was a high-pressure 

region at the trailing edge of the cavity as described in by the authors [11]. This indicates that the 

simulation conducted manage to simulate the flow inside an open cavity accurately. From the 

quantitative and qualitative analysis, it was concluded that the simulation conducted in 

SOLIDWORKS flow simulation was valid 
 

 
(a) 

 

 
(b) 

Figure 7. Comparison between open cavity flow (a) simulation (b) Lada & Kontis [11]. 

100

110

120

130

140

150

160

170

180

0 0.2 0.4 0.6 0.8 1

 S
P

L
 (

d
B

) 

x/L 

Simulation

Lawson & Barakos

experiment



6

1234567890‘’“”

International Conference on Aerospace and Mechanical Engineering (AeroMech17) IOP Publishing

IOP Conf. Series: Materials Science and Engineering 370 (2018) 012016 doi:10.1088/1757-899X/370/1/012016

 

 

 

 

 

 

3.2.  Baseline cavity without microvane 

Simulation with the baseline was conducted to determine the boundary layer thickness. It was found 

that the region where the microvane was located had a boundary layer ranging from 5 mm to 7.5 mm. 

Meanwhile, the SPL distribution of clean cavity is shown in Figure 8. From the figure, it can be seen 

that the distribution of the SPL gradually increasing up to x/L = 0.44 where the SPL started to drop 

until it reaches the lowest point at x/L = 0.67 with 125 dB. After that, the reading of the SPL increased 

rapidly until x/L = 1 where the highest reading recorded with 154 dB. 

 

 
Figure 8. SPL distribution across cavity floor for all cases tested. 

3.3.  Effect of counter-rotating microvane on cavity flow 

Figure 8 also shows the comparison between the cavity SPL with and without the counter-rotating 

microvane. All of the points inside the cavity with counter-rotating microvane shows a drop of SPL. A 

significant drop of SPL can be seen from x/L = 0.55 until x/L = 1 where the highest drop can be seen 

at x/L = 0.67 where the SPL was reduced by 24 dB. On the overall, the SPL value drops by 3.7 % 

compared to the clean cavity. The reduction of SPL occurs due to the counter-rotating vortices 

generated by the counter-rotating microvane that can be seen in Figure 9. Figure 10 suggested that the 

vortices generated by the counter-rotating microvane reduce the impingement on the trailing wall of 

the cavity which was marked with the letter A. The counter-rotating microvane also caused another 

recirculation inside the cavity that was shown in Figure 11 and was marked with the letter B. This 

increase of circulation reduced the pressure throughout the cavity which in turn causes reduction in the 

SPL.  

 
Figure 9. Vortices generated by counter-rotating 

microvane. 

 
Figure 10. Pressure surface plot for counter-

rotating microvane. 
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Figure 11. Pressure contour plot for counter-rotating microvane. 

3.4.  Effect of co-rotating microvane on cavity flow 

The co-rotating microvane does not significantly improve the SPL of the cavity. From Figure 8, the 

region where reduction of SPL can be seen from x/L = 0.78 until x/L = 1 with the highest decrease of 

SPL occurred at x/L = 0.78 where it was reduced by 7 dB. However, the SPL at x/L = 0 and at x/L = 

0.33 until x/L = 0.67 were higher than clean cavity. On overall, the use of co-rotating microvanes 

increases the cavity SPL by 0.3 %. Figure 12 shows that co-rotating microvane also generated vortices 

similar to counter-rotating microvane but in co-rotating direction. However, Figure 13 shows that the 

impingement of the shear layer on the cavity trailing wall was much intense than counter-rotating 

microvane which was marked with the letter A. Figure 14 also shows that the flow condition inside the 

cavity does not differ from the baseline. Therefore, it was assumed that the vortices generated by co-

rotating microvane were not effective in altering the flow and controlling the noise inside the cavity. 

3.5.  Comparison between counter-rotating and co-rotating microvane on cavity flow 

The counter-rotating performed better than co-rotating microvane in reducing the SPL. The SPL 

recorded for the cavity with counter-rotating microvane were lower on every point except the eight 

point which located on x/L = 0.78. In total, the counter-rotating microvane performed better by 3.8 % 

in reducing the cavity SPL. This shows that the vortices generated by counter-rotating microvane are 

more effective at energising shear layer for a cavity with L/D ratio of 5.  

 

 

Figure 12. Vortices generated by co-rotating 

microvane. 

 

Figure 13. Pressure surface plot for co-

rotating microvane. 
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Figure 14. Pressure contour plot for co-rotating microvane. 

4.  Conclusions 

In this study, the effects of microvane to control cavity flow with L/D ratio of 5 at Reynolds number of 

4.3 × 10
6 

/m had been conducted. The results show that counter-rotating microvane performed better 

than co-rotating microvane in controlling cavity flow. Counter-rotating microvane generated vortices 

that have the capability to reduce the SPL throughout the cavity. For co-rotating microvane, the SPL 

increase until x/L = 0.67 and started to decrease until the trailing edge of the cavity. The results also 

indicate that vortices generated by co-rotating microvane do not have a significant impact on altering 

the flow inside the cavity. This shows that the counter-rotating microvane have a high potential to be 

used as an alternative to other passive control devices to suppress noise in an open cavity.  
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