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Flow instability and actuation frequency of a synthetic jet for separated flow control
Yoshiaki Abe, Taku Nonomura, and Kozo Fujii

Abstract

The large-eddy simulation (LES) of separation control using a synthetic jet is conducted around an
NACAO0015 airfoil of the chord Reynolds number 63,000. The linear stability analysis is together conducted
to detect the unstable mode of the wall-normal fluctuation in the separation controlled flows. In the highly
controlled cases, the harmonic modes of the input frequency directly enhances the KH instability modes which
linearly develop in the separated shear layer. The other modes of both the higher and lower frequencies grow
following the most unstable modes (the nonlinear growth regime), which effectively promotes the turbulent

transition and the generation of large vortex structures.
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3  (OL/Cp arranged by F'. Red and blue lines
show the cases with input mometum of C, =
2.0 x 1072 and 2.0 x 1075, respectively.
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(a) €, =2.0x107%, FT =1.0 (b) C, =2.0x107% F" =10

(¢) C =2.0x107°, FT =1.0 (d) C, =2.0x107°, F" =10

4  Time average of the chordwise velocity u/tco.

(a) Cp =2.0x107°, FT =6.0

(b) Zoom view of (c)

5 Instantaneous flow field: contour plane is colored
by chordwise velocity u/uc ; isosurfaces is the
second invariant of the velocity gradient tensor
(colored by chordwise vorticity).
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6 Reversed flow region near the leading edge
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7  Phase-averaged Reynolds shear stress of C), =
2.0x107°, F* = 6.0; left top shows periodic and
turbulent component.
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8 Control off cases: top figure shows time-averaged
u/Uos; bottom figures show the spatial growth
rate a; estimated by LST and FFT analysis for
LES data.
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9 Control off cases: spatial distributions of «;;
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show LES and LST results, respectively.
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10  Controlled cases: top figure shows time-averaged
u/us; bottom figures show the spatial growth
rate «; estimated by LST and FFT analysis for
LES data.
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11  Comparison of mode shapes (real part) for wall-
normal velocity fluctuation (the range is arbitrar-
ily set). (a) and (b) show the CASE1: St = 40.00
in C, = 2.0 x 107* with F* = 1.0 case; (c)
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12 Spatial growth of PSD of wall-normal velocity

fluctuation ((a) to (d)); (e) the schematic of the
PSD growth.
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