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Numerical modeling of the unsteady behavior of a pulsed jet in

the near-nozzle region
Soheila Abdolahipour

Assistant Professor, Ministry of Science, Research and Technology, Iran.

Abstract

In this study, the unsteady behavior of a pulsed air jet in a quiescent environment was investigated
using two-dimensional numerical simulations. First, to verify the accuracy of the numerical model,
a steady jet flow was simulated under laboratory-like conditions, and the results were compared
with experimental data. The results confirmed that the RNG k—e turbulence model combined with
a compressible solver can accurately reproduce the main characteristics of a free jet flow.
Subsequently, a pulsed jet with a frequency of 100 Hz was analyzed. The contours of velocity and
vorticity during the on and off phases of the pulse cycle revealed that the initial high-energy air
front leads to the formation of leading vortices, and their interaction with the ambient air enhances
the mixing process and lateral jet spreading. To examine the effect of inlet air temperature on the
formation of unsteady flow structures and vortex evolution, two inlet temperatures of 300 K and
400 K were considered. The results showed that increasing the inlet air temperature led to
approximately a 16% increase in the peak velocity of the leading vortex and about a 12%
reduction in the trailing vortex velocity. Moreover, the maximum turbulent Kinetic energy in the
hot jet was about 34% higher than that in the reference case, indicating intensified velocity
fluctuations and enhanced mixing intensity in the near-field region.

Keywords: pulsed jet, numerical modeling, unsteady turbulent flow, entrainment, temperature effects
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