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Studies on Density Current (II)
On the Outflow Pattern of Lighter Fluid

Masakazu KASHIWAMURA
Shizuo YOSHIDA

Abstract

In the work described in this second paper on density currents, the authors have
concentrated on the transition of flow patterns of lighter fluid, from a potential flow to
a turbulent jet flow, when it passes through an outlet.

It has been reported by various researchers that the river flow shows a parabolic jet
stream at the river mouth. Some of these workers have attempted to explain this phen-
omenon by the plane jet theory without taking into account the density difference bet-
ween the river water and the sea water.

One of the present authors, however, discovered at the Ishikari River in its normal
discharge that the outflow of the river water does not assume a parabolic flow but shows
a certain flow pattern resembling a potential flow, in which the interval of any two stream
lines increases exponentially with the distance from the mouth.

The existence of these two modes of flow pattern suggests that the outflow is trans-
formed from one type to the other through a certain hydraulic condition, which seems
to be related to the density difference between two fluids, for example, fresh water and
salt water ; in addition it also seems to be related to the amount of the discharge, and to
the magnitude of the outflow.

In order to clarify this hydraulic condition, a model experiment was conducted by
the authors. As a result, it was revealed that a combination of theoretically deduced two
dimensionless factors ¢(= (veg)*/U) and R(=Ub/v) dominate the hydraulic condition of
transition, where v is the coefficient of kinematic viscosity of water, ¢ is equal to 1—(0,/0,),
in which #, is the density of lighter fluid and #, is the density of the other fluid, ¢ is
the gravitational acceleration, U is the cross-sectional mean velocity of lighter fluid at the
outlet and & is the breadth of the outlet.

Flow patterns were classified into hve types from the exponential (stable) pattern to
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the parabolic (unstable) jet pattern.

If both # and R decrease, the outflow changes from exponential to parabolic. This
result shows good agreement with the experience that the flow approahes the exponential
type when the density difference becomes large, or the velocity decreases, or the outlet

breadth increases.
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