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were shown to be affected by the changes in flow patterns and
turbulent quantities caused by the presence of the swirl. In
general, it can be said that for the for the small jet-to-plate
spacings, the presence of the swirl flow component enhances
the heat transfer.

The present work studied the fluid flow and heat transfer
characteristics of a swirl jet flow of air impinging on a flat
plate. Particle Image Velocimetry and Laser Doppler
Velocimetry were employed to capture detailed information
on the axial, radial and circumferential components of the
turbulent flow field. The configurations investigated were
characterized by the jet Reynolds number, the jet-to-plate
dimensionless distance, H/d , and the swirl intensity given by
the Swirl number, S . Two values of the jet-to-plate distance
were investigated, corresponding to H/d equal to 2 and 0.25.
For each value of the distance, two values of the Swirl
number were studied: S =0.5 and zero, the latter
corresponding to the classical impinging jet configuration,
and used as a base case for comparison purposes.
Time-averaged, local heat transfer measurements were
performed by heating the impinging plate with a constant heat
flux boundary condition and measuring the resulting local
temperature distribution. The heat transfer results were
presented in dimensionless form in terms of local Nusselt
numbers, Nu . For all the experiments, the jet Reynolds
number based on the jet diameter was kept fixed at
Re =21000.
The study was focused on the effects of the swirl flow
component on the flow field structure and its implications on
the local heat transfer. For the jet-to-plate spacing H/d =2 the
presence of the swirl flow component produced a zone of
recirculating flow at the stagnation region that deflected the
jet impinging point on the plate further downstream in the
radial direction Besides the shear layer formed at the interface
of the jet with the stagnant ambient fluid, an additional shear
layer was captured by the instantaneous PIV measurements,
formed at the interface of the jet with the slow-moving-fluid
in the recirculation zone. Figure 1 displays instantaneous
velocity fields and time-averaged velocity contour maps in
the vertical-radial plane of the flow for H/d =2 and swirl
numbers equal to zero and to 0.5. The spreading of the jet, the
formation of the recirculating zone and the presence of the
internal shear layer mentioned before as a consequence of the
swirl flow component are clearly visible. Changes in the
location of peak values on the turbulent velocities were also
detected and associated to the swirl flow component.
For the smaller jet-to-plate distance, H/d =0.5, a different
scenario was observed. The higher axial momentum of the jet
reaching the closer-positioned plate precluded the formation
of the zone of recirculating flow at the stagnation region. The
patterns of velocity maps in the vertical-radial plane for the
swirl and non-swirl cases were not as distinct as for the larger
spacing. On the other hand, the swirl component was stronger
closer to the plate and impacted on the heat transfer.
The time-averaged local Nusselt numbers, in Figure 2,

Fig. 1 Instantaneous velocity fields, Re =21000, H/d =2:
(a) S =0; (c) S =0.5; Time-averaged velocity magnitude
contours [m/s], H/d =2: (b) S =0; (d) S =0.5

Fig. 2 Radial distribution of the local Nusselt number,
Re =21000, H/d =2 and 0.25, S =0 and 0.5
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