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as Long's model. This model applies to two-di-
mensional, steady-state, inviscid and incompress-
ible adiabatic flow and provides a useful theoret-
ical method for obtaining flow fields over different
types of obstacles. This model appeared originally
in a nonhydrostatic form (Long, 1953) and its
hydrostatic version was introduced later by Long
(1955). In the present paper these two versions of
the model are referred to as the nonhydrostatic
and hydrostatic forms of Long's model.

Analytic solutions to the nonhydrostatic form
of Long's model have been evaluated by several
authors using different types of obstacles as lower
boundary conditions (Miles, 1968; Miles and Hup-
pert, 1968, 1969; and Huppert and Miles, 1969).
Evaluations for the analytic solutions of the mod-
el's hydrostatic form have also been proposed and
presented by Drazin and Su (1975), Smith (1977),
and Lilly and Klemp (1979). In concept, these
solutions also provide the possibility for compar-
isons among each other. Hence, it should not have
been a problem, through the intercomparisons,
that the i~fluences introduced by using the hy-
drostatic//assumption in Long's model should be
described (such as performed for Defant's model
in the land-sea breeze studies; for a review of these
studies see, e.g., Pielke, 1984). A scan of all the
analytical research in this field, however, shows

Summary

In this paper, analytic solutions of the nonhydrostatic and
hydrostatic forms of Long's model were obtained under two
different sets of vertical boundary conditions: The first u1'es
a sinusoidal obstacle at the lower boundary and a rigid-lid
top for the upper boundary. The second set applies an isolated
obstacle of the "Witch of Agnesi" type at the lower boundary,
while still using a rigid lid at the top. Following the solution
evaluations, comparisons between the nonhydrostatic and
hydrostatic solutions were processed in order to describe sev-
eral influences introduced by using the hydrostatic assump-
tion in this model.

Through comparisons we have found that, in the case of
a sinusoidal lower boundary condition, the hydrostatic so-
lution is obtained as the zero mode of the nonhydrostatic
solution. The influence of the hydrostatic assumption on the
model solution is trivial in this case. When an isolated lower
boundary condition is applied, however, the solutions illus-
trate dramatic differences, showing the significance of the
effect of hydrostatic assumption on this model's solutions.
These effects vary considerably with the model parameters
as well. The comparison results also reveal that the realization
of the hydrostatic assumption in this model's solutions is
accomplished through the vertical boundary conditions used
in the model evaluations.

1. Introduction

To understand the nature of stratified flow over
obstacles Long (1953, 1955) presented a mathe-
matically well-posed (Grimshaw, 1968), tantaliz-
ingly simple procedure which has been referred to
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For the hydrostatic part, a comparison of Fig. 5 b
with Fig. 4 b also illustrates the weakening of the
amplitude in the solution with l = 0.605 km -1.
The amplitudes of nonhydrostatic and hydrostatic
waves are further reduced when the vertical do-
main scale H is increased or the ratio AI H is de-
creased (figures are not shown here).

Because this model is highly simplified, the
model solutions are seriously restricted to certain
values of l. For a given set of values of H, A and
a, reasonable model solutions are limited to the
values of l in a scope L\l. This L\l differs for dif-
ferent sets of values in H, A and a.

Based on the computed model results in Fig. 4
and Fig. 5 and the above discussions, it becomes
clear to us that under the specified boundary con-
ditions, (4.1) and (4.2), the differences between the
nonhydrostatic and hydrostatic model solutions
are significant. The nonhydrostatic solutions il-
lustrate the influence from the small vertical ac-
celeration allowed to exist in the nonhydrostatic
form of Long's model. The hydrostatic balance
assumption used to obtain the hydrostatic form
of this model leads to having the model solutions
in the form of fairly weak standing waves of small
amplitude in the lee area of the isolated obstacle.
The major difference in this conclusion from that
obtained in the previous section, under the use of
the sinusoidal lower boundary conditions, indi-
cates that the significance of the effect of the hy-
drostatic balance assumption on the solutions of
Long's model depends not only on the inclusion
of this assumption in the model, but also on the
actual vertical boundary conditions used in the
solution evaluation.

obstacle for the other. Comparisons between these
two solutions were obtained under the same
boundary conditions. For the case of a lower
boundary condition with a sinusoidal obstacle the
comparisons between the two solutions were ob-
tained analytically. For an isolated obstacle, the
numerically computed solution values were used
for the comparison.

The results of these comparisons indicate that,
when a sinusoidal obstacle is placed at the lower
boundary, the hydrostatic wave solution is the
zero mode approximation of the nonhydrostatic
solution. In other words, the hydrostatic solution
can be asymptotically approached from the non-
hydrostatic solution by letting k/l- O. In most of the
vertical domain, hydrostatic waves presented by the
solution in this case contain larger amplitudes and
appear steeper than those of the nonhydrostatic
waves. Moreover, in this study it is also illustrated
that within a narrow vertical layer the opposite
behavior is the case. The height of this narrow
layer is mostly determined by the vertical scale of
the domain. In most of the layers containing large
amplitude hydrostatic waves, the magnitude of the
differences in amplitude and steepness of waves
changes with height, as illustrated in Fig. 2.

When ""n isolated "Witch of Agnesi" type of
obstacle was introduced at the lower boundary,
the streamline structures evaluated from the two
different forms of Long's model illustrated a dras-
tic difference. In this case it is difficult to obtain
any direct analytical relationship between the non-
hydrostatic and hydrostatic solutions. The nu-
merical comparisons of the two different solutions
indicate the breakup of the "zero mode approx-
imation" relation between the solutions, as in the
sinusoidal lower boundary condition case. The dif-
ferences reflected from the evaluated nonhydro-
static and hydrostatic model solutions revealed the
significance of the "hydrostatic balance" influ-
ence, or the nonhydrostatic pressure effect, on the
flow field in this isolated obstacle boundary con-
dition situation. As shown in the computed so-
lution results, within the required scope of III un-
der a given set of values of H, A and a, the non-
hydrostatic solutions possess larger amplitudes
than do their counterparts, the hydrostatic solu-
tions. The nonhydrostatic waves, in this case, are
steeper than the hydrostatic waves. Comparisons
of the above facts to the behavior of the hydro-

5. 

Concluding Remarks

In the present study analytical solutions to hy-
drostatic and nonhydrostatic forms of Long's
model were evaluated. Two different sets of
boundary conditions were used to specify the re-
quired solutions of the model forms. Each of these
two sets has the same rigid-lid top boundary con-
dition. The lower boundary conditions differ from
each other by having a sinusoidal obstacle for the
one, and an isolated "Witch of Agnesi" type of
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