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THE UNSTEADY VORTICAL STRUCTURE IN A JET IMPINGING INTO A
TROUGH CAVITY

Martin, Knob/ Vaclav, Uruba
Institute of Thermomechanics, Czech Academy of Saiees, v.v.i., Prague

In a blind, retcangular, trough- like cavity sultj¢oc a jet impingement, the jet-
switching phenomenon has been known for decades. i$hcaused by the double-
Coanda effect: at the very beginning, as the ptsto blow the fluid into the cavity,
the fluid is bent towards one of the sidewalls tlu¢he Coanda effect. Then the jet is
divided into two different wall jet- like streamene of which flows straight to the
cavity opening (“upwards”), the other flows “dowmda” along the sidewall toward the
cavity bottom wall. As the second wall jet reach®&s bottom wall, it turns in the right
angle along it and continues toward the opposidevgall, along which it turns again
and flows “upwards”, i.e. towards the cavity openiRlowever, at this moment it starts
to interact with the jet, placed on the top of tawity. Since both the free jet and the
wall jet entrain their surrounding fluid, in thegien between them, a region of low
pressure is created, which then causes the jetitmgo the other side. After the jet is
swung, the process is repeated in the same manrarcon.
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Fig. 1. The instantaneous flowfield with Fig. 2: Theinstantaneous flowfield with
visualized vortical structure; the Kelvin- visualized vortical structure; the vortex loop just
Helmholtz instability is clearly visible formed



p.38

In the reported research, the TR PIV system wad tmethe investigation of the
vortical structure, visualized using tle criterion. On the results obtained, several
phenomena are observed. First, on the edges ggtitbe Kelvin- Helmholtz instability
forms “large” vortices, which are further entrainleg the fluid and grow in size (see
Fig. 1). Second, after the impingement on one of thetgawalls, the flow together with
the vortices is bent in the direction towards tlawity opening. At the moment, the
vortices start to interact with the just- formedtices on the edge of the impinging jet-
following the basic rules of vortex dynamics, tralgines are changed, and the vortices
are bent back into the cavity, forming a kind ajsgd vortex loop (see Fig). During
this process, the fluid between the impinging jed @ahe quasi- wall- jet is entrained
and, therefore, the low- pressure area is creatédre jet is swung.

As may be understandable from the text and pictabese, the vortex paths are
of high interest. These, however, can be observdy rmanually- although the authors
have their own method to do that. This procedutgased on the secondary application
of the PIV algorithm on the succesive images of itilgtantaneous vortical structures,
and thereby evulating the vortices displacementse tfollowing steps are
straightforward. It should be mentioned here, ttte above mentioned procedure
requires at least five times faster PIV system ttiat available at the institute and,
consequently, is not applied here.

From the mainly visual analysis of the given seswécessive vortical structures,
it can be said, that the vortices, formed by thévike Helmoholtz instability, can be
divided into three different groups. In the firsbgp, the vortices, which are formed by
the K-H instability and, after the impingement ontbe appropriate sidewall,
turimmediately leave the cavity. In the second grahe vortices, which are entrained
deep into the cavity, can be found. These vortieage the cavity, following the cavity
bottom wall and one of the sidewalls. The third ugrocontains vortices, which,
similarly to the second group, are entrained dewp the cavity, however, they turn
back as a result of the vortex- vortex intaracaod thereby form the vortex loop.
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