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Abstract

Despite its importance in various industrial applications there is still a lack of
experimental studies on the dynamic and thermal field of swirling jets in the
near-field region. The present study is an attempt to close this lack and provide
new insights on the effect of rotation on the turbulent mixing of a passive
scalar, on turbulence (joint) statistics as well as the turbulence structure.

Swirl is known to increase the spreading of free turbulent jets and hence
to entrain more ambient fluid. Contrary to previous experiments, which leave
traces of the swirl generating method especially in the near-field, the swirl was
imparted by discharging a slightly heated air flow from an axially rotating and
thermally insulated pipe (6 m long, diameter 60 mm). This gives well-defined
axisymmetric streamwise and azimuthal velocity distributions as well as a well-
defined temperature profile at the jet outlet. The experiments were performed
at a Reynolds number of 24000 and a swirl number (ratio between the angular
velocity of the pipe wall and the bulk velocity in the pipe) of 0.5.

By means of a specially designed combined X-wire and cold-wire probe it
was possible to simultaneously acquire the instantaneous axial and azimuthal
velocity components as well as the temperature and compensate the former
against temperature variations. The comparison of the swirling and non-
swirling cases clearly indicates a modification of the turbulence structure to
that effect that the swirling jet spreads and mixes faster than its non-swirling
counterpart. It is also shown that the streamwise velocity and temperature
fluctuations are highly correlated and that the addition of swirl drastically
increases the streamwise passive scalar flux in the near field.
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