4. Summary

All nanaral buws are desived empirically. Experimental techniques in ransport processes ase
classified inso flow visualization and measurement. This paper has presented the role of Aow
visualization in the derivarion of nanaral laws and imponant phenomena in heat and fluid flow
since the Reaaissance era. In the second half of the 20th century, the advent of high-speed
computing machines brought a revoluticaary change in the role of flow visualization o include
the quantization of information in flow fields being observed through experimental means or
numerical computations. Both computer graphics and image processing aid in display and in
quality enhancement.

Flow vi ization has been il in the of medical vision for
diagnostics and trestments, space exploration, and high-tech industries. It will comtinoe
serve as the vanguard for the expl of new fow and as a vital i in
the study of complex such as thy i i Aow, ion,
modical imaging, and mare.
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ocean circulation and long-term interactions between ocean and land.
This new solution alse affords a critical comparison with the ray theory
shown that while the classical ray theory predicts the evolution of only the incident
wave, leaving the refiected wave unknown, the asymptotic expansion of the
theory for large « vields results for both the incident and reflected waves and
phase shifts, In the range with & > 2 and with the incideace angles 3 < 60°, the ra
theory and the asymototic expansion are in complete agreement., But bath beco
poorer, compared with the present linear theory without expansion, for smaller « an
larger 8. ‘This discrepancy is primarily due to the singular behavior of the trappe
grazing modes of waves at resonance. These are the pew conspicucus features 1l

new qualify the ray theory.
ng result is about the wave-induced longshare current which i
of the water particles cartied by the momentum of the waves
obliquely incident upon a sloping beach. Currents of increasingly significant velocitics
are produced by waves (of given wave number &) of increasing obliquity, reaching a
maximum at about § = 45°, and within this range of 3, the current speed increases
with & like &%, In the range of 45° < # < 90®, the cutstanding feature is that the
longshore current is strongly dominated by the eigenmodes of the trapped waves.

In short, these featuristic results cast new light on coastal dynamics of interest
that remains to be farther modified as the physical effects of nolinearity, dispersion
and dissipation due to wave breaking and bottom friction are to be taken into account.

2. Terminal effects of oceanic internal waves on sloping seabed

In constrast with the natural forces occuring along ocean coast that may arise to
hazardous strength like hurricanes and tsunamis, which are relatively rare, inte
oceanic forcing by internal gravity waves (IW) propagating along pycnocline !
ocean and terminating on coasts scems ubiquitous globally in different parts of the
aceans. Such potential hazards to coastal regions, called the raea {sunamis by
Wu (Ref [3]), emerged in the Chesapeake Hay incident in early 1970's when an abs
anaxic condition surfaced with a marked decline in marine production from its
wious rich level. It took the S-year, 3-State U.S. Congress Chesapeake Bay Program
to ascertain the [Ws incident from the ooean to be primarily responsible for causing
a strang biochemical degradation of the bay water. This therefore opens the case for
further investigation related to our environmental quality.

For this class of problems an internal-wave run-up model has been developed by
Wu & Lin [Rel.3] for nonlinear and nondi long waves ing along the
interface of a two-layer inviscid fluid, incident upon a sloping plane scabed. Explicit
solutions of the nonlinear equations are obtained for several classes of wave for
which are matched, whenever necessary for achieving uniformly valid results, with
the outer solution based on linear theory for the outer region in which the lower layer
is no longer shallow compared to the top one. Under certain criteria, these waves can
keep progressing without breaking. The new results obtained in this first stage, as
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The physical and geophysical processes taking place in coastal waters involving
Huid mechanics of transport of mass, momentum and energy in various forms are
wery complex in manifest. Of these phenomena spanning over a wide scope, this paper
selects three specific classes of problems to illustrate the roles that fluid mechanics can
play in helping improve our knowledge and technology for maintaining and enhancing
our constal environmental qualities. These problemns are:

{1} interaction between long gravity waves on coastal waters and beach;
(2) terminal effects of internal waves in coastal waters; and
(3) i ion between bidirectional nonlinear dispersive waves.

For these problems, an iate theoretical model is the lized Boussi-
neaq (gB-) model (Wus, Ref [1]) which is known to be reliable in predieting generation,
Wm and evolution of long gravity waves in coastal water of depth slowly vary-
ing in both longshore and seaward directions. It is based on the premise that both
the nonlinear and dispersive effects are weak but nevertheless on 3 pac with the net
linear effects. For the above three problems, solutions be presented using various
degrees of modification of the gB model.

1. Long waves on straight beach of variable slope; longshore currents
_ To gain L'nai;h: iurI.T coastal dynamics in nature, we first consider the three-
i un-up of long waves on a straight beach of variable dawnward slope
which :::recw 10 an open ocean of uniform depth. A linear long-wave sy
ml"'im'-h.“w ks m.l.'.:d version of the gl model, is applied to obtain the fundamental
ithoat .o Lniform train of sinusoidal waves obliquely incident upon the beach,
Mikhout wave breaking. The solution, obtained in terms of a sevics of rapid con
Yyergence [‘Z;:s 4 Wu, Ref [21], is characterized by two parameters, one being the
mm:u) e (5, the anghe subtended by the incoming wave vecter and the land-
the wave number (x) scaled by the beach width. For waves al normal
{8 = 0) o a sloping plane beach, the runsp given by the linear theosy

8 equal i

it :I'hhl by nonlinear theory. At oblique incidences, the run-up is found to
grazi Mdm"“"mﬂs incidence angle up to about § = 45°. For waves at neasly
o e ces, B5® < @ < 90°, run-up is significant only for the waves in a sei

{m:i?g trapped within the beach at resonance with the exterior oc
- e Bl ). The impact of this trapped grazing waves upen coastal envi
15 15 not yet in focus, but its efects should be of interest on coastal

S :

llustrated in figure 2, can be useful for mare general studics.

¥ tion between dispersive waves

Giant coeanic internal waves have been measured, e in the Andaman Sea to
the seale of 10 km in wavelength, extending laterally to a span of 150 km, to a total
downward beight of 200 m, progressing in packets of five to ten saliton-like waves
along the pycnocline shallowly submerged under the ocean surface. They are known
to be hazardous to exploring ships and offshore infrastructures. Satelite photographs
have shown oblique packets interacting with each other and this raises the question
if the interacting IW's can be more hazardous to our environment in a broad sense

Studies along this line have led Wu (Ref [4]) to develop a didirectional nonlinear
long-wave model to evaluate interactions between multiple solitary waves progress
ing in both directions in a straight channel with gradually varying breath and water
depth, which is a further development of the basic gB model. The salient features
of wave-wave and wave-wall interactions recently determined by Wis & Yih (Ref [3])
will be presented for binary bead-on or overtaking collisions between these salitons.
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Finu-:;: Variations of the run-up function R(x, ) and the phase lag function A(x, 3),
—foralist of @ indicated; - - - - asymptotic expansion.
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tial profile at time ¢ =0, — A, Masxiemum run-up, — B, r

(b) An illustrative plot of time histary of

Figute 3: Headwon collision of two salitons with amplitudes a, = 0.6 and &
for time —10 < ¢ < 10.

&) [ustrative wave profiles evalved from an initial internal water elevati

run-up position £ = zg(t), and fuid
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ABSTRACT Turbulence research has been emphasized m China since
1980's on both fundamental and applied areas. In this paper the author will
present the major contributions of turbulence research made by Chinese
scientists in last decade and prospect its furher development

1. Introduction

is one of the difficult topics in fluid mechanics. It
attracts a large number of scientists to make long lasting efforts for exploring its
nature. Considerable progress has been achieved in last few decades, but there is
still a long way to fully understand, precisely predict and effectively control
turbulent flows. On the fundamental side the discovery of coherent structures
shed new lights on the nature of turbulent shear flows forty years ago, and people
expected that they would break through the unpredictable barrier of wrbulence.
Indeed the discovery of coherent structures is the significant progress in
turbulence rescarch such that the coberent structures dominate the generation of
turbulence in various shear flows and there are a number of devices for
turbulence control based on the management of the coherent structures. However
the dynamics of the coberent structures is not well undersiood for their
lexity. One can not y succeed in control of turbulent flows when
they do not fully understand the flow nature. And also it is not so clear how 1o
predict the turbulent flows by use of the knowledge of coberent structures. On the
theoretical side the chaos in nonlincar dynamics and fractal geometry in
tpalogical analysis of the flows give rise 1o the some new ideas on the
they are conceptual but not constructive, The rapid

development of modem computer in last two decades las provided a powerful
0ol for turbulence study and it is a great hope for the deep understanding and
:““m prediction of turbulent flows by means of modem computers. There are
umber of available data banks of direct numerical simulation of simple
z_"!"ﬂ flows for detailed studies of the structures and properties of those flows,
mstance the i of the turbul models and i of the
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