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A FUNDAMENTAL STUDY ON CHARACTERISTICS OF TIDAL CURRENT
FIELDS IN SEMI-ENCLOSED INLAND SEA
by
Kiyoshi WADA

ABSTRACT

Understanding the characteristics of tidal current fields in a
semi-enclosed inland sea is fundamental to the study of physical
oceanography and oceanographical engineering. The shear of the
tidal oscillatory current causes residual currents. They are
originated from interaction between the oscillating tidal stream
and topographical conditions because of its strong effect on mass
transport and longitudinal dispersion process. The purpose of
this thesis is to investigate theoretically and experimentally
the relation between the current shear and the generation
mechanism of the tide-induced residual current in order to
establish control techniques of the current field, taking notice
of bottom and shore boundary conditions.

First of all, the behaviors of water mass as a tracer of the
current field in the actual sea are investigated from macroscopic
viewpoint. The distributions of temperature, salinity and
turbidity in sea area have their seasonal fluctuations and the
formation of water mass is closely correlated with topographical
conditions.

Hydraulic model experiments are carried out for various
boundary conditions in order to examine basically the effect of
topographical conditions to the current field observed in the
actual sea. The generation mechanism of the residual current is
explained, based on an asymmetrical vorticity distribution in the
stages of flood and ebb tides. By introducing the virtual mean
vorticity taking account of the current shear, it is shown that
the magnitude of the residual current velocity is controlled by
the proposed vorticity. This suggests that the curvature of
stream line is very important in inducing the residual current.

Next, a temperature gradient-type micro-flowmeter is newly
devised so as to measure the very low velocity less than 1 cm/s
which usually appears in the tidal current field in 1laboratory
experiments. The fundamental characteristics (sensitivity,
response, etc.) of the flowmeter are discussed theoretically and
experimentally for the various flow conditions. In spite of the
limited range of application, the flowmeter is able to measure
accurately the low velocity when thermal diffusivity is
ineffective. The flowmeter is demonstrated to be an useful tool
to discuss details of the fundamental structure of the current
field caused by bottom boundary condition, which is mentioned
later.

The discussions are high-lighted on the bottom boundary layer
that produces the nonlinear properties in currents through the
strong current shear. A new theory is developed to explain the
relation between the velocity and the bottom shear stress in the
tidal current due to the bottom boundary layer in a rectangular
basin with constant water depth. Employing the perturbation
method, the residual components of the current field are
theoretically analyzed in two-dimensional frame. The derived



solution is completely satisfied with the boundary condition of
velocity at the water surface, and this solution can be widely
applied for the case that the bottom boundary layer thickness is

up to the water depth. The theory shows the followings ; (i)
usual approximate solutions underestimate the oscillatory and
residual components of the velocity and the shear stress, (ii)

the vertical profiles of the residual current velocity have a
two-layer distribution when the water depth is shallow, and have
a three-layer one when the water depth is deep, and (iii) the
current in the lower layer flows always toward the bay mouth, and
then the residual bottom stress acts toward the bay head.

A shear meter is newly devised to measure directly the
current-generated bottom stress in a laboratory basin. The
temperature gradient-type micro-flowmeter is simultaneously used
to measure the velocity distribution. The experimental values of
the bottom stresses are compared with the theoretical values. The
comparison shows that the experimental values of the basic-mode
oscillating and residual components of the bottom stresses become
predominant over the theoretical ones with increasing of the
bottom boundary layer thickness up to the free surface.

Lastly, the relation between the tidal current shear and
residual circulations in three dimensional flow conditions are
studied in the basin with a sloping bottom topography.

The structure of the vertical circulations caused by the
combined effect of the bottom oscillatory boundary layer and
bottom inclination of on-offshore direction is analyzed
theoretically. In the first-order theory, the maximum amplitude
of a water surface appears at the shallowest water depth on the
reflection boundary in the coastal region, and the major axes of
the tidal current ellipses deflect toward shallower water region.
The generation mechanism of the residual current in tidal

currents with different vertical profiles of velocity is
discussed. It 1is pointed out that the second-order vertical
circulation produces a two-layer distribution, that is, the

residual current flows toward the onshore in the lower layer and
toward the offshore in the upper layer.

It 1is demonstrated that the horizontal current shear at the
bay mouth gives rise to the horizontal residual circulation in
hydraulic experiments. The number of the circulation is clearly
determined by the circulation stability parameter defined by the
ratio of the kinetic energy of the oscillatory current to that of
the residual circulation. The relation between the horizontal
current shear and the number of circulations 1is confirmed to
correspond well to that in the actual site.

Furthermore, based on the numerical simulation, the water
exchange 1is shown to be in close relation to the strength and
scale of the circulation in the neighborhood of bay mouth, which
indicates the important role of water mass on the transport
process.



