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Active Control of Coaxial Jet Mixing with Arrayed Micro Actuators

Naoki KURIMOTO®, Yuji SUZUKI and Nobuhide KASAGI

“Department of Mechanical Engineering, The University of Tokyo,
7-3-1 Hongo, Bunkyo-ku, Tokyo, 113-8656, Japan

U Active mixing control of gaseous coaxial jets is achieved using magnetic flap actuators ar-
ranged on the inner periphery of the outer annular nozzle. The spatio-temporal velocity fields and
scalar mixing are studied through a particle image velocimeter and a laser-induced fluorescence
method. Flap motion forces the outer shear layer to roll up into large-scale ring vortices. When
the momentum flux of the annular jet is much larger than that of the central jet, the inner shear
layer also rolls up into large-scale vortices, which pinch off the central jet significantly. Near-
field mixing process is dominated by the ring vortices, while streamwise vortices generated through
the break-down of the ring vortices are responsible for the mixing at the downstream. The near-
field mixing is characterized by the length scale of ring vortices and the Strouhal number, which is
defined as the ratio between the dimension and shedding interval of the vortices. When the Strouhal
number is unity and the vortex size is comparable to the nozzle radius, the mixing is enhanced
most significantly since the near-field is most densely populated with the large-scale vortices.

Key words :  Flow Control, Jet, Turbulent Mixing, Micro Actuators, Laser-Induced Fluorescence
method, Particle Image Velocimetry.
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Fig. 1 Coaxial nozzle equipped with eighteen magnetic flap
actuators.
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Fig. 2 Time response of a magnetic flap actuator to saw-
wave voltage signal.
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Fig. 4 Radial distribution of the mean velocity and the turbu-
lent intensity at /D = 0.025. (a) m =42, (b)ym=4.
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Fig. 5 Development of vortices in the inner and outer shear
layers with the flapping motion. (a) m =42, (b) m =4.
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Fig. 6 Instantaneous flow visualization image of the coaxial
jet. (a)outer annular jet seeded, (b)central jet seeded.
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Fig. 9 Instantaneous velocity and the rms value. (a) natural jet and (b) controlled jet with Sz = 1.0. From the top to the bottom,
instantaneous velocity, fluctuating velocity and contour of the rms value.
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Fig. 10 Instantaneous images of the annular and central jet
fluids in the cross section at /D = 0.6. (a) Natural jet, (b)(c)
Controlled jet with Sz = 1.0.
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Fig. 11 Instantaneous images of the central jet and measured
velocity vectors in the cross section at x/D = 2.5. (a) Natural
jet, (b) Controlled jet with Sz = 1.0. Note that LIF and PTV
images are taken at different instant.
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Fig. 13 Axial variation of the vortex intensity in the inner
and outer shear layers of the controlled jet with Sz = 1.0.
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Fig. 14 PDF of the concentration on the trajectory of vortex
core in the inner shear layer of the controlled jet at Sz, = 1.0.
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