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Figure 2.5, Depression of the interface described by the solution of the KdV equation (Equa-
tion 2.14) for fluid with a two-  ‘er stratifi  ion.




































































































































3.2. Numerical simulations
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Figure 3.7. Mass of fluid displaced by the wave of depression (top panel), kinetic energy ('x’)

and available potential energy ('0’) (bottorr  1nel) calculated using different h

expressed in the terms of an ISW wavelength.
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Figure 5.21. The amplitude (o) and characte tic length (x) of the first bolus as a function of
distance traveled (top panel). e aspect tio of the first bolus as a function of distance
traveled (bottom panel).
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Figure 5.23. The energy (top) and mass (bottom) of the first (0) and second (x) boluses as a
function of the distance traveled. The distance is expressed relative to the point X, where
the second layer is absent (also shown as vertical dashed line). The straight lines on the
top panel are the best fits for the ene ' decay rate before and after passage of the point X,,.
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the point where the lower layer had vanishe X, was not observed because this point was

not reached during the field study owing to strumentation limitations.
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Figure 5.24. The ratio of the kinetic and ave  ble potential energy for the first (o) and second

bolus (x) as a function of the distance traveled.

The portion of the incident v e energy which is transmitted towards the slope can be

estimated using the parametrizatic p posed by Bourgault et al. [2007]. For the case of

the incident wave characterized ' the Irib en number £ 0.1 the reflectance coefficient

estimated from Equation 2.45 is 0.3.































5.5. Available potential energv of ISWs as isolated features 122

This expression differs from Equation 5.17 by the last term which is zero if the density
profiles at both sides are leveled. As it is also clear, this term is linear in L and when
L oo the position of the interface at the reference state z* — zy — Az/2. The available

potential energy density in this case can be duced from Figure 5.29:

—gQpz if 2—AQzp<z<2r and -—-L<zx<-A
Eyz,2)=¢ —¢ "2z if zp—a<z<z* and —-A<z<A (5.24)
glpz if 2x<z<z and A<z<L

Thus the APE can be shown isequ to

-2 z* A z* L z0
APE=—/ / 7 )zdxdz—/ / gApzd:vdz—}—/ / gQApzdxdz.
—L zg—Azg —AJzg—a A z*

(5.25)

After some calculations, it takes the form:

; 1- = (5.26)

L L?

A Ap (Dzg)? A?
APE=gAp[a2/\—Az0a/\} (1——>+9ML[ ]
The first term has the familiar fo  and ten: to the constant value when L — oo and tends
to zero when L. — ), but the second term needs a special attention. It converges to zero
when L A, but unlike the  t term it depends on L linearly when the extents of the
domain go to infinity. So the APE in the li it L — oo does not reach the constant value,

but also increases to infinity.
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Figure 5.28. Sketch of the symmetric example for calculation APE of simple isolated feature
following Lamb [2008]. (a) shows the symmetric example, considered orig ally in Lamb
[2008]. The two-layer fluid consists of two layers with densities p; and p; + Ap for upper
and lower layer respectively. ..ie vertical position of the interface between layers in the
sorted reference state, z*, is shown by the dashed line. This position has an offset, ar,
with respect to the undistur | density : cture 2. A symmetric isolated disturbance is
represented by a square well with amplitu filled with a fluid with lower density. Panel (b)
shows the density difference between the  te under consideration and the sorted reference
state.
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Figure 5.29. Sketch of the modified Lamb’s example for APE calculation of simple isolated
feature. Description is the as for F re 5.28, except the isolated feature is not sym-
metric.



























& & Availahle natential enerov of ISWe ac icalated featnrac 133
domain in the case of bolus on the slope, the density structure of the left: d of the right

oundaries is different. We have shown above, that in this case APE grows linearly with
the extents of the domain, as shown in Fig' :5.33. This suggest that the extension of the
domain chosen for density sorting will give erroneous result for APE of boluses. That is
why in our calculations the extents of the domain for boluses were chosen fixed to include

only the density field of the bolus.






















































5.6. Mass transport 151

the first wave is marked by the first peak which is approximately the same height for all
cases. It indicates that the first wave in a 1in is not significantly modified by e pres-
ence of the neighbouring wave. The s¢ 1d ave, however, brings much more dense water

pslope than the first one. The near bottom current generated during shoa 1g of the first
wave which drains dense water  n the slc  appears to enhance the mass transport of the

second wave almost by a factor of two.



Chapter 6

Summary and Conclusions

A large number of observational studies anc  1merical simulations have adc  ;sed the prob-
lem of internal waves in the ocean in the past several decades. Great int st in internal
waves stems from their profound influence on ocean dynamics, biological additivity in the
coastal waters, engineering offshore proje , military marine surveyance and ecological
monitoring of pollutants. The ability of internal wave to propagate in any direction in a
continuously stratified fluid defines their in  ortant role in vertical redistribution of energy
and momentum.

Significant progress has been made in studying the generation mechanisms « internal
waves and their properties during propagation through the deep ocean. It has been rec-
ognized that two main generation scenaric of internal waves in the ocez are nonlinear
steepening of the internal tide and release of the internal lee waves formed by the interac-
tion of the flow with an internal obstacle, such as sill or reef. However, the final stages of
the internal wave’s evolution are still not fu  understood.

Observations performed in many parts of the ocean show that internal waves can travel

significant distances and  lly | proach = coast. An internal wave front experiences

refraction and reflection, but the portion of the transmitted internal wave approaching the
coast will steepen, similar to the behavior [ surface waves on a beach, and may break.
Breaking of internal waves results in the pr  uction of turbulence and mixii  The hypoth-
esis that the mixing generated by bre¢ :ing internal waves is responsible r maintaining

the balance of the stratification in the ocean has been tested recently both i field observa-
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