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Table 1  Jet flow parameters
./ Peo’ uU./ U/
Jet b pilPeo ! Re
(kgm?)  (kg'm™) (m-s')  (ms?

He 0.17 1.29 0.14 32 0.9 6968
Air 1.29 1.29 1.00 12 0.9 20703
CO, 1.82 1.29 1.52 10 0.9 32098
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Fig. 2 Power spectra changes along jet centerline
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Large Eddy Simulation and Coherent Structure Analysis of
Variable-Density Jets

XU Zipeng, LAI Huanxin
(School of Mechanical and Power Engineering, East China University of Science and Technology,
Shanghai 200237, China)

Abstract: Density variation is a key factor affecting the mixing characteristics and flow stability of variable-
density jets. For variable-density jets where three types of gases (helium, air and carbon dioxide) are injected into
ambient air with density ratios of 0.14, 1.00 and 1.52 respectively, large eddy simulation (LES) is adopted to investigate
the evolution of mean flow fields, vortex structures and coherent structures under identical inlet momentum flux. The
results reveal that the velocity and concentration of the helium jet decay rapidly, followed by the air jet, while the
carbon dioxide jet exhibits slow decay of velocity and concentration. Vortex structures in the flow field are identified
using specific criteria. It is found that the vortex structures of the helium jet become unstable and break up earlier, with
larger vortex scales and faster radial diffusion. In contrast, the vortex structures of the carbon dioxide jet remain stable,
break up later, feature smaller vortex scales and show concentrated radial distribution, and the vortex structures of the
air jet lie between the two cases. On this basis, dynamic mode decomposition (DMD) and proper orthogonal
decomposition (POD) are performed on the pressure field of variable-density jets. The results indicate that the coherent
structures of the carbon dioxide jet are stable, whereas those of the helium jet are unstable, which makes its vortex
structures more prone to instability and breakup. Furthermore, the wave packet structures in the helium jet account for
its high entrainment rate.

Key words: variable-density; jet; large eddy simulation; coherent structures; dynamic mode decomposition;

proper orthogonal decomposition
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