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Turbulent boundary layer control via electro-magnetic forces

J.-H. Lee and H. J. Sung

Direct numerical simulations are performed to investigate the physics of a spatially developing
turbulent boundary layer flow suddenly subjected to spanwise oscillating electro-magnetic forces in
the near-wall region. The Reynolds number based on the inlet momentum thickness and free-stream
velocity is Re;=300. A fully-implicit fractional step method is employed to simulate the flow. The

mean flow properties and the Reynolds stresses are obtained to analyze the near-wall turbulent
structure. It is found that skin—friction and turbulent kinetic energy can be reduced by the
electro-magnetic forces. Instantaneous flow visualization techniques are used to observe the response
of streamwise vortices to spanwise oscillating forces. The near-wall vortical structures are clearly
affected by spanwise oscillating electro-magnetic forces.
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Fig. 2 Electro-magnetic force distribution. a
is the electrode and magnet width.
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Fig. 3 Streamwise variation of the skin frict-
ion coefficient. -- : location of the
electro-magnetic plate.
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Fig. 4 Mean velocity profiles in wall coordi-
nates : a) at z/0,=112 and b) at
z/0, =232,
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Fig. 5 Profiles of Reynolds stress, w"w”. The
contour levels range from —0. 005 U2
to 0.005 U2 by 0.0005U%
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Fig. 6 Profiles of Reynolds stress, #"u”. The
contour levels range from —O. OlUi to
0.01UZ by 0.001UZ.
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Fig. 7 Turbulent kinetic distributions at x/gsn
=116.

Fig. 8 Contours of the differences of the
turbulent kinetic energy between the
perturbed and unperturbed flows,
where the subscript "no” stands for
the case of no control. The contour

levels range from —0.003U2 to
0.003 U2 by increments of 0.0003UZ.
Negative contours are dashed.
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