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NUMERICAL SIMULATION
OF THREE-DIMENSIONAL FLOW
FIELD WITH STRONG SWIRL
IN VORTEX TUBE

ZHOU Shaowei JIANG Rengiu SONG Fuyuan
ZHANG Peng WANG Pengtao
CHEN Yuejin GAO Chao
(College of Power and Energy Engineering,
Harbin Engineering University, Harbin 150001)

Abstract: In order to understand the flow behavior inside the
tube distinctly, a three-dimensional physical model of vortex
tube is constructed according to flow’s movement characteristic
and three-dimensional flow field with strong swirl inside the
tube is simulated by the usage of practical “Realizable x—¢&”
turbulent numerical model. From the simulated velocity field,
the distributions of tangential, axial and radial velocity as well
as the recirculating flow patterns are investigated. In addition,
the strategy of non-dimensional comparisons between
numerical results and previous experimental data is applied to
validate numerical data indirectly. Satisfactory agreements are
observed between them. The numerical results show that flow
motion inside the vortex tube presents extraordinary
complicated behavior. The swirling flow inside the vortex tube
consists of two regions with an outer region of quasi-free
vortex flow surrounding an inner region of quasi-forced vortex
flow. From view of the composition of axial and swirl motion,
the flow inside the tube consists of periphery flow and inner
flow. With radial and swirl motion considered, the helical flow
exits inside the vortex tube. There is also a recirculating flow
inside the tube when the composite motion of radial and axial
movement are analyzed. The peripheral and inner flows
exchange heat and mass through the enveloping surface of zero
axial velocity in the form of recirculating flow because the
enveloping surface of zero axial velocity is the interface
between peripheral and inner flow.
Key words: Vortex tube Strong swirl

Three-dimensional flow field

Recirculating flow  Numerical simulation
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