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ABSTRACT

Nonlinear steady-state solutions for stratified two-layer flow over a ridge are found. In parameter space, these
solutions lie between the interfacial case of Long and the constant stratification case of Smith. The solutions
predict the depth of the layer which will descend and accelerate, Qualitative agreement with Bora and Boulder

observations is found.

1. Introduction

In a recent paper (Smith, 1985; hereafter S85) a
mathematical model of the severe downslope wind
phenomenon was proposed. The key element in this
model is the decoupling of the low-level accelerated
flow from the undisturbed flow aloft by a slowly moving
neutral region of variable depth. The boundary con-
dition imposed on the lower layer by the neutral region
is similar to that in two-layer internal hydraulics with
a deep upper layer (Long, 1954; hereafter L54); the
qualitative nature of transitional flow (a monotonic
drop) over a ridge is similar as well. Because of this it
is natural to imagine that a close relationship must
exist between the two types of model. The purpose of
this paper is to illustrate such a relationship.

The most obvious difference between the L54 and
S85 models is the vertical profile of density. The former
has a neutral layer capped by a thin density interface
while the latter has constant stratification. We proceed
to fill the gap between these two models by considering
the two-layer model shown in Fig. 1. This model can
be made to approach either the interfacial or contin-
uous model by appropriate choice of parameters, and
also allows a closer approximation to certain atmo-
spheric or laboratory flows of intermediate character.

Before discussing our results, we first digress to men-
tion the deeper differences between the types of hy-
draulics described by Smith and Long. In Long’s work,
the two homogeneous layers are considered to be im-
miscible and therefore the identity of the layers and
the significance of their interface are never in question.
If the incoming flow is such that it does not allow a
steady transitional (sub- to supercritical) flow over a
ridge, an upstream wave of adjustment may be gen-
erated to correct the situation.

The model of Smith is different in that there is no
predetermined layer definition. There is also no max-
imum horizontal wave speed so that the terms sub-

and supercritical are problematic when applied to the .
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undisturbed flow. In addition to upstream waves of
adjustment, this situation allows other types of adjust-
ment; for example:

1) The local selection of a particular streamline to
be the upper boundary of the accelerating flow. A
mixed layer forms above this streamline, decoupling
it from the flow aloft.

2) The fluid may select not to form a neutral decou-
pling region, thus preferring a continuous field of ver-
tically propagating gravity waves, instead of a layerlike
hydraulic flow. This seems to occur when Nh/U is small
in unidirectional flow and in backsheared flow when
the wind-reversal is at the improper altitude.

Examples of these various possibilities are given by
Clark and Peltier, 1984. In short, the flow of stratified
fluid over a ridge has more degrees of freedom than
the immiscible two-layer models suggest. The investi-
gation of these adjustment processes cannot be done
with the steady equations used by Smith and herein,
but requires approaches such as numerical or labora-
tory simulation. The steady-state equations, however,
provide a method for finding possible steady state so-
lutions.

2. Generalized hydraulics
a. The two-layer model

Consider an incompressible stratified flow ap-
proaching a ridge with uniform speed. The stability
profile consists of two layers of constant stability as
shown in Fig. 1. We presume that the fluid selects a
certain critical streamline in the upper layer to serve
as the top of the disturbed flow. If the critical streamline
lies in the lower fluid the analysis reduces to S85. If
the critical streamline lies in the upper fluid, the method
of S85 must be extended to include two active layers.
Long’s equation
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