
symmetry. The slender body generated a trailing rotor in the 
strongly nonsymmetric regions of flow, while the cylinder did not, 
indicating that the geometric configuration of the slender body is 
more conducive to the generation of these rotors than that of the 
cylinder under similar flow conditions. 

2 The effect of increasing the ratio of cylinder diameter to 
channel depth under otherwise similar flow conditions was to 
diminish the amplitude of the wave motion in the wake region. 
This variation in the flow field is quite in contrast to the same 
flow situation in a homogeneous fluid where, under similar test 
conditions, the flow would be imperceptibly different from that in 
an infinite medium. 

This effect was observed for both symmetric and nonsymmetric 
flow conditions, and indicates the necessity of including the loca
tion of the horizontal boundaries in any theoretical solution for 
channel flow of a density stratified fluid. 

3 Decreasing the Richardson number under otherwise similar 
flow conditions caused the wavelength to increase as the wave 
amplitude decreased. This observation can be attributed to the 
lessening influence of the buoyant forces and the increasing 
dominance of the inertial forces as the Richardson number de
creases. At very low Richardson number, the buoyant effect 
cannot be observed and the flow assumes the character of a 
homogeneous density fluid. 

A theoretical method for predicting the channel flow about an 
immersed body in a linearly stratified fluid has been formulated 
by an extension of the method of Yih [3]. I t is found that for 
bodies which are located in the center of the channel or on either 
the top or bottom surface, the method yields solutions which 
compare favorably with experimental observations. When the 
body is located at any other horizontal plane, the method fails in a 
quantitative sense. However, qualitatively, the method is suc
cessful in that it predicts the asymmetric character of the flow in 
these regions. 
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D I S C U S S I O N 

R. R. Long2 

This paper represents a useful contribution to the problem of 
the finite-velocity flow of rotating and stratified fluids around 
and over obstacles of finite dimensions. The subject has great 

2 Professor of Fluid Mechanics, The Johns Hoinkins University, 
Baltimore, Md. 

3 Numbers in brackets designate Additional References at end of 
Discussion. 

practical significance, for example to the flow of air over moun
tains. Investigations related to mountain flows began 30 yr 
ago with the work of Queney [15]3 and Lyra [10] who linearized 
the problem by assuming an obstacle of infinitesimal height. 
More recently, Long (1953) discovered that solutions satisfying 
the exact steady, inviscid equations could be obtained for finite 
obstacles for a physically interesting upstream velocity and 
density distribution, and experiments revealed patterns of motion 
similar to the theory. Long did not at tempt a detailed compari
son with theory and this paper supplies information along these 
lines. 

I have three points to make about the paper. The first relates 
to the statement that agreement of experiment with Long's model 
is reasonabty good when the obstacle was towed at the sym
metric plane of the channel but not good when towed at other 
planes. No physical explanation was offered for this and I can
not think of any reason why it should be so if the wave amplitudes 
are about the same. In fact, however, the amplitudes of the 
theoretical disturbances are much larger in the nonsymmetric case 
(Fig. 10) than in the symmetric case (Fig. 9). In the former, the 
amplitudes are so large that the density actually increases up
ward in some places. Such a theoretical flow must be locally un
stable and it is, therefore, quite impossible for the fluid to 
actually move in this manner. In Fig. 9 the flow is stable and 
agreement between theory and experiment is possible. Other 
experimenters have reported that wave amplitudes are smaller 
than those of the theory when instability is indicated. The 
authors report extensive testing in the nonsymmetric regime, and 
it would be interesting to know if comparisons were made at 
smaller theoretical wave amplitudes. 

The second point relates to the problem of upstream influence 
(not mentioned by the authors). This concerns the effects of the 
obstacle on the upstream distributions of velocity and density. 
These distributions are assumed in this paper whereas experi
ments b3' Long (1955) revealed that the upstream conditions were 
frequently strongly affected by the obstacle. This, of course 
calls into question of the usefulness of Long's model. This dif
ficult}' now appears even more serious in view of the very recent 
work of Benjamin (1970) and Mclntyre (1971). They have 
shown that when lee waves form the profiles of velocity and density 
upstream they are nearly always altered if solutions are obtained 
for the initial-value problem. As a theoretical matter, therefore, 
the use of Long's model in subcritical regimes is inappropriate as 
a solution for a motion generated from rest. As a practical 
matter, however, the model may be useful to predict the steady 
flow if the upstream influence is a minor one. The magnitude of 
the upstream influence is not given by these weakly nonlinear 
approaches and apparently must be found by experimentation. 
I would hope, therefore, tha t the experiments reported on by the 
authors of the paper could be extended to investigate the rela
tionship of the upstream influence to the comparison of theory 
and experiment. This would involve the use of larger obstacles. 
I believe that upstream influences will have more effect on the 
comparison of theory and agreement than the location of the plane 
of the obstacle motion. 

The third point relates to some references which I think should 
have been included in the paper. The authors' theoretical solu
tion results from an indirect approach in which the obstacle can
not be specified in advance. Readers may be interested to 
know that solutions have recently been obtained for obstacles of 
specified shape and size. This was first done by Drazin and 
Moore [9] and later by Miles [11, 12] and Miles and Huppert [13, 
14]. Finally, experimental work along the lines described in the 
paper has been done by Davis [8], who found agreement with 
Long's model only for relatively fast flows. 
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Authors' Closure 
In answer to the first point made by Professor Long, compavi 

sons were made between theory and experiment at smaller then 
retical wave amplitudes in the nonsymmetric regime with un. 
favorable results. The discrepancies were not as pronounced at 
smaller theoretical wave aplitudes. However, this can be attrili. 
uted to the lessening of the buoyant influence at smaller fiirypli. 
tudes. 

Secondly, the effect of upstream blocking was not considered 
in this work and no experimentab observations were made un. 
stream after the model was started in motion. Professor Long's 
point is well taken when he asserts that upstream influences wilt 
have more effect on the comparison of theory and experiment than 
the location of the obstacle motion. This may very well be the 

case and further experimentation is certainly in order to deter-
mine the effect of upstream influences on the flow. 
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