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Analysis of spanwise vortex structures in separated flow control around an airfoil using a synthetic jet
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The computation of separated flow control using a synthetic jet over an airfoil is conducted. The airfoil is
NACAO0015, the Reynolds number based on chord length is set to 63,000, the angle of attack is 12 [deg], and the
freestream Mach number is 0.2, respectively. The synthetic jet is installed at the leading edge (0 % chord length)
and actuates with some frequencies, i.e., nondimensional frequency FT which is set to 1.0 and 6.0. The synthetic
jet is numerically modeled by the deforming cavity and two-dimensional boundary condition on the airfoil (BC
model), and flow fields controlled by both are compared with using large-eddy simulation (LES). The BC model
does not perform as the synthetic jet in terms of time-averaged and instantaneous flow fields. The spanwise
vortex structures in the controlled flow field without introducing spanwise disturbances are also investigated by

this numerical experiment.
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1: Geometric configuration of synthetic jet
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2: Computational grids
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# 1: Synthetic jet parameters
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Ft=1 With cavity 1 0.018

Ft=6 With cavity 6 0.0031
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T C,, is set to 0.002 and synthetic jet is installed at L.E..
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(a-2) F* = 1(BC model)

(b-1) F+ =6

(b-2) F* =6 (BC model)

~10 x vorticity 10
N |
| D |
0.0 U/ U 1.5

3: Instantaneous flow field: z-direction velocity con-
tour; isosurfaces of second invariant of velocity gradi-
ent tensor (colored by x vorticity). (a-1) Synthetic jet:
F* =1, (a-2) Boundary condition model: F* = 1(BC
model), (b-1) Synthetic jet: F* = 6, (b-2) Boundary
condition model: F* = 6(BC model).
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4: (Cp and Cp history in controlled sequence
16 < tuoo/cp < 28.
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) F* = 1(BC model)

___s o

(b-2) Ft =
e -1

U/ Uoe

6 (BC model)

5:  Time averaged flow field (averaged in
20 < tuno/cp < 28): z-direction velocity field.
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(a-1) Ft =1 (a-2) F* = 1(BC model)
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‘€ - /ﬁ
(b-1) F* =6 (b-2) F* = 6 (BC model)

l Ol , (.
—0.011 —u'w' fuZ, 0.011

6: Time and span-direction averaged field of
turbulent Reynolds stress —u'w’/u?, (averaged in
20 < tuso/cp < 28).
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7: C¢ and C), distributions of time averaged flow field
(averaged in 20 < tuso/cp < 28).
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8: Periodic component and unperiodic (turbulent)
component of span-averaged turburent Reynolds stress
—u/w' Jut,.
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(a-2) F* = 1(BC model)

s ,,3&’ & 1o Y = /5

Z

(b-2) F™ =6 (BC model)

9: Phase history of periodic component of span-av-
eraged turbulent Reynolds stress —u/w’/u?, (phase:
¢ = w/5,3w/5,m, 7w /5,97 /5,7/5). The white contour
line is second invariant of velocity gradient tensor.
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(b-2) F* = 6(BC model)

10: Periodic component of phase and span averaged
flow field.
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