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Abstract
Experiments for the investigation of the effect of

swirl number on the mixing characteristics of a swirling
jet were conducted. The configuration chosen was that of
a heated swirling jet and the indicator for mixing
efficiency was the decay of the characteristic mean
temperature. The heated swirling jet was generated by
passing hot air through a rotating pipe with honeycomb.
The experiments were performed at Reynolds number of
approximately 4,000 and the swirl number was varied
from 0 (no swirl), 0.3, 0.6, to 0:9. The initial condition
chosen, in contrast to past works, was that of the
approximate of pipe flow. The results indicated linear
reduction in XSO%, from 7.5 for non-swirling jet to 4 for
swirling jet with the swirl number of 0.9, with increase in
swirl number. In addition, increase in the decay rate and
decrease in the extent of the potential core were
observed. This showed that swirling jets stir more
efficiently than non-swirling jets, and that as the swirl
number increases, the stirring efficiency increases.
Finally, the linear reduction in XSO% at the end of the
range of swirl numbers investigated, i.e., 0.9, suggested
that further increase in stirring efficiency may still be
possible at higher swirl number.

I.Introduction
Swirling jet is a flow of many technological

applications. It is used to enhance mixing in a
combustion chamber, to increase the ratio of heat transfer
to the required pumping power, to develop active shear-
layer control, etc. Characteristics of swirling jets are
neatly summarized by Feyedelem and Sarpkaya (1997).
We briefly state some of them here.

In comparison to a non-swirling jet, a jet with swirl
entrains more rapidly, and thus spreads more rapidly and
displays a more rapid decay of mean velocity. As a result,
the initial expansion of the jet is followed by a steady
decrease in the spreading rate, and after about 10
diameters the influence of swirl becomes negligible and
the jet characteristics asymptotes to a non-swirling state.

The flow characteristics in the near filed of' a
swirling jet are significantly influenced by the initial
tangential velocity distribution:; Therefore, it was
suggested that the swirl number: S, may not be adequate
in describing the characteristics of the jet.

Owing to streamline curvature 'generated by the
swirl, static pressure gradients exist across the' flow,
Consequently the spreading rate in the near field of the
jet is mainly influenced' by pressure rather than 'by
turbulent mixing as in the case of a non-swirling Jet.

For strongly swirling' jets, the maximum axial
velocity may be displaced from the jet axis, and
recirculation zone may form in the nozzle or near the jet
exit. If suitable conditions are ,present, vortex breakdown
may occur and will have profound effects on the jet; the
axial velocity distribution changes and reverse 'how may
be present. Nonetheless, it was found that at S = 0.48 to
0.50 the breakdown may occur without reverse flow.

Billant et al. (1998) studied the various breakdown
states for a swirling water jet as a function of the swirl
number and the Reynolds number, Re. The swirl number
was varied between 0-1.42 and the Reynolds number
between 300-1200. It was found that breakdown occurred
when the swirl number reached a well-defined threshold
of 1.3-1.4, which was independent of Re. Four types of
breakdown were identified: bubble, cone, and two
associated asymmetric bubble and asymmetric cone. The
last two occurred only at high Re.

A remark needs to be made regarding the definition
of the swirl number. Many authors use many different
definitions: some based on the corresponding velocity
components, some on the corresponding angular
momentum flux components. This depends in part on the
flow configuration (e.g., swirling jet, swirling pipe,
leading/trailing edge vortices, etc.) as well as the type of
initial condition investigated (initial axial and tangential
velocity profiles). Thus, in comparing quantitative
results, one needs to take this into consideration.

Other studies of swirling jets are by, for example,
Farokhi et al. (1988), Wu et al. (1992), Panda and
Mclaughlin (1994), and Naughton et al. (1997), And
there are considerable amounts of past work on the
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