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The Impact of Straight and Convergent Nozzle Structures
on the Performance of Vortex Tubes
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Abstract: Numerical simulations are conducted by using Fluent to investigate vortex tubes with identical
nozzle inlet areas, including circular and rectangular configurations, each with both convergent and straight
types. The cooling effects of these four vortex tubes are investigated under pressures of 0.3, 0.4, and 0.5 MPa,
and the distributions of temperature field, pressure field, and velocity field were analyzed at 0.5 MPa. Results
indicate that the rectangular straight nozzle exhibits the highest energy separation efficiency at 0.5 MPa, while the
rectangular convergent nozzle demonstrates stable cooling performance and superior flow stability across all tested
pressures. Further analysis reveals that convergent nozzles, characterized by more uniform pressure distribution
and pronounced radial pressure gradients, effectively enhance the cooling efficiency and operational stability of
vortex tubes.
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