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Summary

In this paper, analytic solutions of the nonhydrostatic and
hydrostatic forms of Long's model were obtained under two
different setsof vertical boundary conditions: The first u1'es
a sinusoidal obstacle at the lower boundary and a rigid-lid
top for the upper boundary. The secondsetapplies an isolated
obstacleof 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 processedin order to describeseveral influences introduced by using the hydrostatic assumption in this model.
Through comparisons we have found that, in the caseof
a sinusoidal lower boundary condition, the hydrostatic solution 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 illustrate dramatic differences, showing the significance of the
effect of hydrostatic assumption on this model's solutions.
These effects vary considerably with the model parameters
aswell. The comparisonresultsalso revealthat the realization
of the hydrostatic assumption in this model's solutions is
accomplishedthrough 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 mathematically well-posed (Grimshaw, 1968),tantalizingly simple procedure which has beenreferred to

as Long's model. This model applies to two-dimensional, steady-state,inviscid and incompressible adiabatic flow and provides a useful theoretical method for obtaining flow fields over different
types of obstacles.This model appearedoriginally
in a nonhydrostatic form (Long, 1953) and its
hydrostatic version was introduced later by Long
(1955). In the presentpaper thesetwo 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 obstaclesas lower
boundary conditions (Miles, 1968;Miles and Huppert, 1968, 1969;and Huppert and Miles, 1969).
Evaluations for the analytic solutions of the model's hydrostatic form have also beenproposed and
presentedby Drazin and Su (1975), Smith (1977),
and Lilly and Klemp (1979). In concept, these
solutions also provide the possibility for comparisonsamong eachother. Hence, it should not have
been a problem, through the intercomparisons,
that the i~fluences introduced by using the hydrostatic//assumptionin Long's model should be
described (such as performed for Defant's model
in the land-seabreezestudies;for a reviewof these
studies see,e.g., Pielke, 1984). A scan of all the
analytical researchin this field, however, shows
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For the hydrostatic part, a comparison of Fig. 5 b
with Fig. 4 b also illustrates the weakeningof the
amplitude in the solution with l = 0.605km -1.
The amplitudesof nonhydrostatic and hydrostatic
waves are further reduced when the vertical domain scale H is increasedor the ratio AI H is decreased(figures are not shown here).
Because this model is highly simplified, the
model solutions are seriouslyrestricted to certain
values of l. For a given set of values of H, A and
a, reasonablemodel solutions are limited to the
values of l in a scope L\l. This L\l differs for different 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 specifiedboundary conditions, (4.1) and (4.2), the differencesbetweenthe
nonhydrostatic and hydrostatic model solutions
are significant. The nonhydrostatic solutions illustrate the influence from the small vertical acceleration 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 wavesof 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, indicates that the significance of the effect of the hydrostatic 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.

ConcludingRemarks
In the present study analytical solutions to hydrostatic and nonhydrostatic forms of Long's
model were evaluated. Two different sets of
boundary conditions were used to specify the required solutions of the model forms. Eachof these
two setshas the samerigid-lid top boundary condition. The lower boundary conditions differ from
each other by having a sinusoidal obstacle for the
one, and an isolated "Witch of Agnesi" type of

obstaclefor the other. Comparisonsbetweenthese
two solutions were obtained under the same
boundary conditions. For the case of a lower
boundary condition with a sinusoidal obstaclethe
comparisons betweenthe two solutions were obtained analytically. For an isolated obstacle, the
numerically computed solution values were used
for the comparison.
The results of thesecomparisonsindicate 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 nonhydrostaticsolutionby letting k/l- O.In mostof the
verticaldomain, hydrostaticwavespresentedby the
solution in this casecontain larger amplitudesand
appear steeperthan 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 scaleof
the domain. In most of the layerscontaining large
amplitude hydrostatic waves,the magnitude of the
differences in amplitude and steepnessof waves
changeswith 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 drastic difference. In this case it is difficult to obtain
any direct analytical relationship betweenthe nonhydrostatic and hydrostatic solutions. The numerical comparisonsof the two different solutions
indicate the breakup of the "zero mode approximation" relation betweenthe solutions, as in the
sinusoidallower boundary condition case.The differencesreflected from the evaluated nonhydrostatic and hydrostatic model solutions revealedthe
significance of the "hydrostatic balance" influence,or the nonhydrostatic pressureeffect, on the
flow field in this isolated obstacle boundary condition situation. As shown in the computed solution results, within the required scopeof III under a given set of values of H, A and a, the nonhydrostatic solutions possesslarger amplitudes
than do their counterparts, the hydrostatic solutions. The nonhydrostatic waves, in this case,are
steeperthan the hydrostatic waves.Comparisons
of the above facts to the behavior of the hydro-
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