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Extended Abstract 
Synthetic jets have attracted considerable attention as alternatives to conventional continuous jets. It has been reported 

that the direction and jet structure of a two-dimensional planar jet can be tuned by its oscillation frequency, since the synthetic 
jets are oscillatory flows [1]. When controlling the jet direction using the oscillation frequency, the symmetry of the vortex 
pair is broken as the slot has an asymmetric beak or staircase shape, and the jet is considered to be deflected. In particular, it 
has been shown that there are cases where recirculation regions are generated near slots, and cases where staggered vortex 
rows in the form of inverse Kalman vortices are formed and deflected [2, 3]. Naturally, the deflection characteristics of a 
synthetic jet have been shown to depend on the asymmetric slot geometry. Although a number of reports have examined the 
behavior of synthetic jets generated by beak or staircase-shaped slots, no systematic studies have investigated the effect of 
slot geometry on synthetic jet behavior. The relationship between the flow characteristics and slot geometry remains unclear 
in many cases. It is therefore desirable to determine the optimal asymmetric slot geometry for jet angle adjustment. 

This study aims to investigate the geometry and flow characteristics of a beak-shaped slot via numerical simulations and 
smoke-wire flow visualization experiments. In particular, the effect of the beak tip angle, 𝛽𝛽, on the flow characteristics of 
synthetic jets was investigated. The jet outlet slot width 𝑏𝑏0 was  0.50 m, the slot height ℎ was 0.10 m, and the aspect ratio 
was 20. The conditions in this study were as follows: the representative length was the slot width 𝑏𝑏0, the representative speed 
𝑈𝑈0 was 3.0 m/s, the dimensionless stroke length 𝐿𝐿0 was 10, and the dimensionless beak length, 𝐶𝐶 = 𝑐𝑐 𝑏𝑏0⁄ , was approximately 
3-12. 

When 𝛽𝛽 = 11°, the alternating vortex trains moving downstream were barely entrained toward the slot outlet, and the 
deflection angle of the jet was small. Alternate vortex trains were generated at other beak tip angles. At 𝛽𝛽 = 63°, the vortex 
trains were entrained toward the slot outlet side, confirming the deflection of the jet. Furthermore, at 𝛽𝛽 = 79°  , and 𝛽𝛽 = 90°, 
vortex recirculation was observed and the jet was deflected significantly. Hence, it was shown that when the dimensionless 
beak length 𝐶𝐶 ~ 3 − 12, the jet was deflected to a greater extent when the beak tip angle 𝛽𝛽 was increased. The closer the tip 
angle of the beak-shaped slot was to the 90°, the closer the slot resembled a staircase-shaped asymmetric slot. Therefore, a 
vortex did not develop at the top of the beak-shaped slot and the jet may have recirculated. 
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