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ABSTRACT

A frictionless nonlinear model with allowance for motions which are far from a state of geostrophic
balance is considered in order to describe the dynamics of outflows consisting of two layers of fluids.
The governing equations are solved by means of perturbation expansions, conformal mapping and
Fourier series. The theory is compared with laboratory experiments.

The model predicts that an outflow from a channel with uniform velocity distribution defiects to
the right in the Northern Hemisphere. The parameters of the problem are combined in such a way
as to show that rotational effects are important whenever the ratio between the internal Froude number
to the Rossby number is not negligible; the inverse of this ratio has a ‘‘critical’’ value, below which the
flow separates from the left basin bank. The mathematical analysis shows that an outflow from a channel
with initial negative relative vorticity approximately equal to the Coriolis parameter deflects to the left.
As in the uniform flow case the flow separates from one of the banks under certain ‘“critical”” conditions.

Two experimental systems which included an abrupt cross-sectional variation in a rotating channel
consisting of two layers were used. The experimental results compare favorably with the direction of
deflection predicted by the mathematical model. Possible application of this study to the Straits of
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Gibraltar and other outflows are discussed.

1. Introduction

In a previous paper (Nof, 1978; hereafter referred
to as N) outflows of a homogeneous layer of fluid
were considered. Since most outfiows in nature
consist of two fluids with different densities we shall
extend the study to a two-layer system.

As in the single layer case, our aim is to study the
dynamical behavior of the outflows; that is, to find
the general characteristics of the process which the
flow enters into after reaching the open sea. Follow-
ing N, we address ourselves to straits and estuaries
which are relatively deep [O (10-100) m] and wide
[O (1-10) km] since it can be shown that for such
conditions the neglect of diffusion, entrainment and
friction is justified for the purpose of our study. The
entrainment criteria given by Ellison and Turner
(1959) and eddy viscosity and diffusivity estimates
suggest that with the above conditions the time scale
required for penetration of the ambient fluid and
frictional effects into the core of the plume is much
larger than that required for completing the adjust-
ment process. This results in negligible effects of
entrainment, diffusion and friction.
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The hydrostatic and the rigid lid approximation
are invoked but the primary motions are not con-
strained to be quasi-geostrophic. The potential
vorticity equation and the Bernoulli integral yield
a pair of nonlinear second-order partial differential
equations which are solved by means of perturbation
expansions in powers of the internal Froude
number, conformal mapping and Fourier series.
Two solutions are considered and presented in
Sections 2 and 3; one includes an outflow from a
channel with uniform velocity distribution (Section
2) the other an outflow from a ‘‘short strait”’ where
convergence of the upper layer causes an initial
shear in the channel (Section 3).

Two experimental systems consisting of a layer of
fresh water lying above a salty water layer were
used in the laboratory in order to assess the validity
and weaknesses of the theory. The experimental
procedures and results are presented in Section 4.
Section 5 discusses possible applications of this
work, and 6 summarizes the theoretical and experi-
mental work. Details of the mathematical solutions
are presented in the Appendix.

2. Outflow from a channel with a uniform flow

The model shown in Fig. 1A. We consider the
cases in which both the channel and the basin






