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CIRCULATION WITHIN CURVED CHANNEL OF THE NORTH PASSAGE IN
THE CHANGJIANG RIVER ESTUARY: A VORTICITY APPROACH

LI Wei', JohnZ.SHI', PU Xiang', HU Guo-Dong’

(1. State Key Laboratory of Ocean Engineering and Collaborative Innovation Center for Advanced Ship and Deep-Sea Exploration,
School of Naval Architecture, Ocean and Civil Engineering, Shanghai Jiao Tong University, Shanghai 200030, China; 2. Survey Bureau
of Hydrology and Water Resources of the Changjiang River Estuary, Changjiang Water Resources Commission, Shanghai 200136,
China)

Abstract Vessel mounted ADCP measurements were made of tidal currents along the cross-channel sections AD3, ADS5, and
AD6 within the Curved Channel of the North Passage in the Changjiang (Yangtze) River estuary on Feb. 23—24, 2014 (dry
season , neap tide) and Feb. 28 to Mar. 1, 2014 (dry season, spring tide). These data were analyzed by using a vorticity approach
to examine the temporal and spatial variability of circulation and mixing in the vertical-lateral plane, their physical mechanisms,
as well as the relative importance of each mechanism. Lateral secondary flows, which have “two-layered” structure separated by
irregular interfaces, are present along the three sections. Calculated semi-Lagrangian residual flows show that: (1) along the three
sections during neap tide, longitudinal circulating semi-Lagrangian residual flows at the surface are seaward, and landward at the
bottom ; during spring tide, longitudinal semi-Lagrangian residual flows at both the surface and bottom are seaward. (2) Along
the section AD3 during neap tide, lateral circulating semi-Lagrangian residual flows at the surface are towards the Northern Dikes
and at the bottom towards the Southern Dikes, while in the middle part of the section AD3 towards the Northern Dikes at the
surface and towards the Southern Dikes at the bottom; at the two ends of the section AD3 during spring tide, towards the Southern
Dikes at the surface and towards the Northern Dikes at the bottom. (3) Along sections ADS5 and ADG6, lateral circulating
semi-Lagrangian residual flows are towards the Northern Dikes at the surface layer and towards the Southern Dikes at the bottom
during both neap and spring tides. (4) The magnitudes of longitudinal semi-Lagrangian residual flows range from —0.2 to 0.7m/s
and those of lateral semi-Lagrangian residual flows from —0.15 to 0.2m/s. (5) Apparent lateral variability of longitudinal
semi-Lagrangian residual flow is present. Further analyses of circulations within the Curved Channel show that: (1) Longitudinal
baroclinic pressure gradient, longitudinal internal friction induced mixing, and longitudinal bottom friction induced mixing seem
to be the primary physical mechanisms driving longitudinal circulation, while the lateral redistribution of along-channel
momentum the secondary one, and the centrifugal force and the Coriolis force can be neglected. (2) Lateral baroclinic pressure
gradient and the internal friction induced mixing are the primary physical mechanisms driving lateral secondary flows, while the
centrifugal force, the Coriolis force, and the bottom friction induced mixing the secondary ones. (3) The lateral circulation may
weaken longitudinal momentum and then circulation via lateral redistribution of along-channel momentum.

Key words Changjiang River estuary; the Curved Channel of the North Passage; lateral circulation; longitudinal
circulation; vorticity approach; semi-Lagrangian residual flow
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