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Swirling jet flows are widespread in a number of industrial devices: open 
burners, combustion chambers, mixers, etc. From a practical point of view, the 
imposed swirl can essentially enhance mixing processes in devices that utilise 
jet flow configurations. In particular, swirl is often used for stabilization of 
flames. However, even for non-reacting swirling jets, substantially different 
flow regimes can be observed, depending on the swirl rate and the manner in 
which the swirl is applied. While vortex rings, resulted from growth of Kelvin–
Helmholtz instability, prevails mixing layer of non-swirling and weakly swirling 
jets, strong helical waves become dominant in the shear layer of the jet with a 
sufficiently high swirl rate. A further increase in the swirl rate leads to the 
breakdown of the swirling jet's vortex core, which has been observed in 
different states: spiral, bubble, and conical, where the latter two can be either 
symmetric or asymmetric. Remarkable, that flow structure of strongly swirling 
jets with bubble-type breakdown and precession of the vortex core manifests 
some common features, even for rather different nozzle geometries, since the 
flow is absolutely unstable to a self-excited/globally unstable to (co-rotating 
counter-winding) helical wave [1]. This coherent structure dominates dynamics 
of the flow. Proper Orthogonal Decomposition (POD) is an efficient statistical 
tool for fluid mechanics [2] to extract coherent structures in  
Application of the method to a large set of instantaneous velocity fields can 
significantly reduce the dimensionality of the problem by obtaining a set of 
temporal and spatial basis functions (main modes), which contain the largest 
amount of kinetic energy of the flow. Thus, in the present work POD was 
utilized to investigate shape and intensity of coherent structures in a strongly 
swirling jet undergoing a bubble-type vortex breakdown (VB). A stereo Particle 
Image Velocimetry (PIV) was used for the measurements of the 1 000 
instantaneous velocity fields, which were processed by the snapshot POD 
algorithm [2]. The measurements were performed in a hydrodynamic loop 
described in details in [3]. A nozzle with exit diameter d=15 mm was used for 
organization a strongly swirling jet flow with a pronounced VB and bubble-type 
recirculation zone. The swirl rate based on geometry of the nozzle was S = 1.0. 



Details of the experiment, measurement method and flow structure are 
described in [3]. Analysis of the first two (most powerful) POD modes for the 
flow revealed that they contain almost 20% of the turbulent kinetic energy and 
correspond to precession of the jet's vortex core and a couple of secondary 
helices formed in the inner and outer mixing layers of the jet. Plotted in Fig. 1 
3D structure of coherent vortices was reconstructed on the basis of the first 
two POD modes (by analogy 2-
criterion [5]. Vortex core (2), outer (3) and inner (4) secondary spiral vortices 
are clearly visible. These secondary vortices are left-handed spirals (sense of 
winding opposite to the mean flow rotation), which are similar to these 
reported in [1]. The obtained results are in a good agreement with phase-
averaged LDA data by [6], where two secondary helices were found to be 
induced by precession of the swirling jet core. 

Fig. 1. 3D spatial structure of large-scale vortices in a strongly swirling jet with bubble-type VB. The structure 
2-criterion 

[5] 2=- 2=-70000. 1 – Nozzle exit; 2 – Swirling core of the jet; 3 – Secondary vortex induced in the 
outer mixing layer; 4 – Inner spiral vortex. The Reynolds number was 8900, the swirl rate was 1.0 [3]. 
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