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Abstract: Two-dimensional and three-dimensional flow models were established for fluid flow in

Wr#5 B #A: 2024-05-20

EETE: HR A RPAIEEFE B0 H (52576092)

E—1EE HWR(1988—), Zo, WHOrsE. U m . Rk EhWAELMER#:. E-mail: yangliquan00001@126.com
BEMEE 1958, B, HiE. B RAMERQEAH . Email: yangm@usst.edu.cn

SIS s, oK, BEAEE. T HER S AEXTRRY 4 i sl AR R ()] BT, 2025, 47(5): 512-522.
Citation: YANG Liquan, YANG Mo, HUANG Weijia. Nonlinear phenomena of two-dimensional and three-dimensional fluid flow in expansion and

contraction channels with symmetric structure[J]. Journal of University of Shanghai for Science and Technology, 2025, 47(5): 512-522.


https://doi.org/10.13255/j.cnki.jusst.20240520002
mailto:yangliquan00001@126.com
mailto:yangm@usst.edu.cn

% 5

AR, A5 YRR = AR FRY A58 il AR e MR

513

expansion and contraction channels with symmetric structure. The analysis proved that the three-
dimensional model has the same two-dimensional solution as the two-dimensional model. By numerical
simulation, the velocity fields of fluid flow in two-dimensional and three-dimensional models were
obtained for different Re. Based on numerical results, the nonlinear characteristics and differences of
flow between two-dimensional and three-dimensional models were analyzed. The numerical results
indicate that when Re is different, the flow in both the two-dimensional and three-dimensional models
undergoes bifurcation of the solution, resulting in nonlinear phenomena such as symmetry breaking,
self-sustained oscillation, and chaos. When Re is 120, both the two-dimensional and three-dimensional
models have unique, symmetric, and steady-state velocity fields, and the solutions of the two-
dimensional and three-dimensional models are exactly the same. When Re is 200, the solutions of the
two-dimensional and three-dimensional models are not unique, and there is a pair of antisymmetric
steady-state asymmetric solutions. The solutions of the two-dimensional and three-dimensional models
are still exactly the same, and there is no three-dimensional flow. When Re is 280, a three-dimensional
flow occurs in the three-dimensional model. The solutions of the two-dimensional model and the three-
dimensional model are different, but both have a pair of antisymmetric steady-state asymmetric
solutions. When Re is 330, both the two-dimensional and three-dimensional models have unique,
symmetric, and steady-state solutions, and their solutions are exactly the same. When Re is 352, 380,
and 600, the solutions of both the two-dimensional and three-dimensional models are oscillatory and
non-stationary. The solutions of the three-dimensional model are different from those of the two-
dimensional model, resulting in three-dimensional flow. The solutions develop from periodic oscillation,
period doubling oscillation, to chaos.
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