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On the use of microjets to suppress turbulence
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We have experimentally studied the effect of microjets on the flow field of a Mach 0.9
round jet. Planar and three-dimensional velocity field measurements using particle
image velocimetry show a significant reduction in the near-field turbulent intensities
with the activation of microjets. The axial and normal turbulence intensities are
reduced by about 15% and 20%, respectively, and an even larger effect is found
on the peak values of the turbulent shear stress with a reduction of up to 40%.
The required mass flow rate of the microjets was about 1% of the primary jet mass
flux. It appears that the microjets influence the mean velocity profiles such that the
peak normalized vorticity in the shear layer is significantly reduced, thus inducing
an overall stabilizing effect. Therefore, we seem to have exploited the fact that an
alteration in the instability characteristics of the initial shear-layer can influence the
whole jet exhaust including its noise field. We have found a reduction of about 2 dB
in the near-field overall sound pressure level in the lateral direction with the use
of microjets. This observation is qualitatively consistent with the measured reduced
turbulence intensities.

1. Introduction
Using various techniques, it has clearly been demonstrated that, for both subsonic
and supersonic round jets, the dominant noise producing region is restricted to about
two potential core lengths, or up to about x/D = 20 (e.g. Laufer, Schlinker & Kaplan
1976; Fisher, Harper-Bourne & Glegg 1977; Schaffer 1979; Norum & Siener 1982).
This may be expected, since not only do the mean velocities remain high in this
region, but also the turbulence intensities reach a peak (Bradshaw, Ferriss & Johnson
1964). The initial zone of a turbulent jet (x/xc 6 2, where xc is the length of the
potential core), is known to be dominated by organized large-scale (compared to
the jet diameter) structures (e.g. Bradshaw et al. 1964; Crow & Champagne 1971;
Yule 1978; and a review by Hussain 1983). The existence of these structures, which
are described by different terminology such as eddies, vortices, coherent structures,
instability waves, etc., has not only been inferred from flow-visualization studies, but
also from hot-wire and near-field microphone measurements. They are found to exist
in high-Reynolds-number jets, both with initially laminar and turbulent boundary
† On leave from Indian Institute of Science, Bangalore, India.

