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Air pocket theory for large amplitude waves in stratified fluids
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PO* " IOUlh Polytechnic, Ellglalld

(BRie;,..l 19 September 1972)

ABSTRACT. The ~eral wave equat ion for etesdy-steto two-dlmeneionel flow in stratified fluid8 has been
re-writt en in an int egral form. (Thi sw&1I first euggeeted by I..oflJl: and la ter exp loited b)' lih). An Airy integral eo'ution ia
presented in this pa per, and the poMibility of obtaining t ho wideet range oCexact aolutions examined.

X, % : space co-ord inates in two-dimensione!
system

8 : vertical displacement from th e undisturbed
position

' 0 : height of streamli ne when undistu rbed

U0 : undisturbed stream velocity

Po : density

Po : static stability=- ~ . apoI3zo
Po

k : horizontal wave number

L,,'=Go : stability parameter = gPolUo'

~Ro : Po u,
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The important notation is set out below. Suffix 0
has been used to refer to Lagrangi an quantities,
ami all such will be constant along a st reamline.
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" •Anv suffix othe r than zero re fr<s to the value of
this parameter at some partie-1lAr level.

H : depth of fluid
-..
• : vorticity

DIDI = v. grad +a/~
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2. Introdu ction and survey of the general problem

The equat ions of hydrolynamios, although
highly complex, do neverth eless provide for simple
patterns of flow as stat ionary solutions to certa in
chosen problems. These patterns greatly depend on
the various parameters governing t hem, but outside
certain ranges, these cannot bo realised. It is not th e
subject of this paper to consider the nature of
instability of a fluid, although it may be remarked
that, in general , a fluid does reflect unstable charae_
ter istics.

Probably the finest example of a fluid 'port raying
stable characterist ics in flows between parallel
planes, is to be encounterocl when dealing with
problems on st rat ifieation.

Illustrations of density variations having in
fluence on fluid motion are provided by the passage
past an obstacle of a fluid st ream whose density
varies continuously and sta bly.

The movement of strat ified fluids wit h laminar
motion has been studied by several research workers
in the past. For example, Taylor, Goldstein and
Prandtl, all made pioneering contributions in this
field of study. The concept ion of Riehardson'.
number helped in the understending of the criterion
of sta bility in that it demonstrate] how stable
st ratifieation eould be regarded as a mechanism
that opposed turbulenee. The movoment of fluids in
shear layers of uniform density is allied to this
field, and when there is st rat ificat ion of this nature
it is natural to regard th e vorticity field as censer-

-..
vative with regard to th e components s, = ( ~ , 'I, { )
(of which only one component survives in two
dimensional flow).
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