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PREFACE

When we are entering the 21* century, along with the growth of global economy, especially in
the variety of fields, such as naval architecture, ocean and coastal engineering, hydraulic and
hydropower engineering, environment engineering, agriculture engineering, biochemical and
biomedical engineering, the interest in the science and technology of hydrodynamics, one of the
most important branches of theoretical and experimental fluid mechanics, grows faster than ever
before. Great progress in the theoretical, computational and experimental hydrodynamics was
achieved during the past decades by the efforts of the scientists and specialists working in the field
all over the world, among which contributions made by Chinese scholars at home and abroad have
attracted even more promment attentions.

Chinese nation is of the long history of 5000 years, in which there were full of inspiring and
prosperous cultural and scientific achievements. Dated back hundreds years ago, the famous
Du-Jiang weir of Li Bing in Sichuan, the great freight of Zheng He sailing round the vast oceans
were two of the brilliant examples of Chinese innovative achievements in the field of
hydrodynamics. In the new era of a developing China, the Three Gorges Dam and Hydropower
Station, the blooming shipbuilding industry reaching the third largest one in the world since 1996
etc., to just mention a few, are the examples of the achievements in research and applications of
modern hydrodynamics.

To encourage the exchange of knowledge and to promote the levels of research, development
and application of hydrodynamics in multidisciplinary fields for better fitting in the needs of the
rapid economy growth, late Professor Gu Maoxiang and a group of specialists, representing all
those in the country working in the field of hydrodynamics, initiated the idea, set up the editorial
board and started the publication of “Journal of Hydrodynamics” in 1986. Since then for 19
years, organized by the Editorial Board of the Journal, the annual “National Conference on
Hydrodynamics” has been held in series in the mainland of China, Hong Kong and Macao. The
successful journal and the annual conferences have been widely and warmly responded and strongly
supported by Chinese scholars at home and abroad. This makes one of the most vivid activities of
scientific and technical exchange in China. At present over 30 famous over sea Chinese scholars
are the members of the Editorial Board of the Journal. In 1994, the Editorial Board of the Journal
also initiated the “International Conference on Hydrodynamics”. It is now an international
conference held worldwide every two years under the supervision of well-known scholars and
organizations from different countries, regions and nations.

On the occasion of celebrating the 20th anniversary of the Journal of Hydrodynamics, the
Conference of Global Chinese Scholars on Hydrodynamics is held to provide an opportunity for
gathering together the Chinese scholars from different parts of the world to present their latest
research achievements and to stimulate the discussions of important topics in the relevant areas of
hydrodynamics.

This conference is jointly organized and sponsored by the Editorial Board of Journal of
Hydrodynamics, Chinese Society of Theoretical and Applied Mechanics, Chinese Society of
Naval Architects and Marine Engineers, Chinese Hydraulic Engineering Society, Chinese
Society of Oceanography, and also supported by China Ship Scientific Research Center, Shanghai
Jiaotong University, Shanghai Institute of Applied Mathematics and Mechanics, the First Institute of
Oceanography of the State Ocean Administration, Shanghai Society of Theoretical and Applied
Mechanics, Daging Petroleum Institute and National Laboratory of Hydrodynamics, China.



The present proceedings contain 87 papers being presented at the conference. You may find
from the contents and authors of the papers that the conference will surly be creative and productive,
and the meeting will definitely be a great event for Chinese scholars. On behalf of the Organizing
Committee I would like to thank all the participants for their great contributions to the successful
conference, and all the supporting organizations listed above.

Had been devoted for nearly half century to the research and development of hydrodynamics in
China, Professor Gu Maoxiang left us 10 years ago. By holding this conference we also deeply

cherish the memory of late Professor Gu for his great technical achievements and outstanding
personality.

We You-sheny
Chairman of CCSH’06 Organizing Committee
July 8, 2006, Wuxi, China
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Conference of Global Chinese Scholars on Hydrodynamics

LONG-PERIOD OSCILLATIONS IN A HARBOR EXCITED
BY BROAD-BANDED RANDOM SEA WAVES

CHEN Mengyi, MEI Chiang-chung

Department of Civil and Environmental Engineering, Massachusetts Institute of Technology, Cambridge, MA, 02139,

USA E-mail : ccmei@mit.edu

KEY WORDS: Random sea waves, nonlinear water waves,
nonlinear resonance, harbor resonance, nonlinear scattering,
nonlinear diffraction, slow-drift oscillations

1. Introduction

In designing the dynamic positioning systems
for floating oil rigs or the mooring systems for ships
and tankers, it is important to predict their oscillations
at long periods in the range of one to several minutes.
Forced oscillations in this period range can excite
natural modes of the mooring system, and cause
excessive strain and breakage of mooring lines.
Semi- enclosed harbors also possess natural modes of
long periods. If resonance occurs, strong current
appears at the narrow entrance, creating hazards for
small boats. Excessive sways of tankers or large
vessels inside a harbor can slow down the loading and
unloading operations, resulting in economic losses.
Since many of the affected harbors are free from the
threat of long-period tsunamis, but are often attacked
by storm-generated short waves, harbor oscillations
at long periods can only be induced by nonlinearity.
Past theories on this topic are limited to narrow-
banded and deterministic incident waves >}, A new
theory for broaded-banded random waves is needed.

For two-dimensional standing waves in deep
water, Sclavounos™ has advanced a systematic sto-
chastic theory for calculating the nonlinear contri-
butions to the wave spectrum. He showed that the
nonlinear contribution starts at the fourth order in
wave steepness, and involves the frequency responses
at first, second and third orders. We shall first extend
his theory to more complex waves involving scattering,
and then point out that long-period harbor spectra can
be predicted by using just the second-order frequency
response. Aided by our recent work on second-order
mild-slope approximation 131 calculation of the non-
linear spectrum is greatly simplified. Sample nume-

rical results are discussed for a square harbor of con-
stant depth.

2. The Second-Order Problem

For waves of length comparable to depth, the
flow field is fully three-dimensional. Let us expand
the velocity potential and free-surface height in

powers of the wave steepness £ = O(kA)

=P, +D,+..., ¢=¢+¢G +.. ¢))
where the subscripts indicate the order of magnitude
in powers of €. Let the horizontal and three-
dimensional gradient operators be distinguished by
V and V;respectively. At each order, @ satisfies
the Laplace equation

a2
2 .
(V + a—z2)¢} = O, J= 1,2,3,..- (2)
in the fluid, and
oP
= L=Vh-VO®;, z=-h(x,y) €)
Z

Jj=12,3,... on the sloping seabed. All lateral boun-

daries are assumed for simplicity to be vertical throu-
ghout the depth, hence

J
—L=y,
on

where the unit normal 7 is in the horizontal plane.
On the still water surface, z =0, the boundary
condition for the first-order potential is homogeneous

901, o’®,
dz o

j=123,.. “4)

=0, z=0. &)

while that for the second-order potential is not
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The free-surface displacement at the first order, ¢, is

related to ®; by
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The second-order correction, §,, is the sum of two

parts,
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The first part can be immediately calculated from the
first-order solution, while the second depends on the

second-order potential @, which is to be found.

3. Correlation and Frequency Spectrum
We define the correlation function of the total

free-surface height ¢(x, y,?) by the following en-
semble average
H(x,y,t)=¢(x, 5,06 (x,y,t +7) ©)

where g* denotes the complex conjugate of &. The

corresponding frequency spectrum S is its Fourier
transform,

S(x,y,m)= % [;H (x,y,7)e"d7 (10)

In the sequel, the integration limits (—oo,o0) will be
omitted for brevity. Introducing the expansion (1), the
total correlation function of the free surface comprises

of quadratic products (gl,gl) at order O 82) ,

(1.62) at 0(53) . and (65,6, (61,63) at
order 0(84). Since ¢1,67,63,... involve Fourier

transforms with integrands proportional to A, AA,
AAA ... respectively, the right-hand side involves
ensemble averages of even and odd products of A .
Assuming A to be a Gaussian random variable, all
odd products give zero averages, while all even
products can be reduced to averages of quadratic

products. It follows that nonlinear corrections begin
a 0fe?),

H(t) = H,(7) + H (1) + O(®) (1)
where
H,(7) = 6,(D)g; (t +7), a2
H,=Hy, +H,;+H,
with
H (1) = 6,(1)g, (¢ +7),
Hy(0) = (g3 (t+7), a3)

Hy (1) = 63(g (t+7),
Note that H, = O(£?) and H, = O(&*) The cor-
responding total frequency spectrum is
S=8,+8,+..=8, +(Sy + S5 +83) +... 14)
where S, is the Fourier transform of H,as defined

by (10). The nonlinear correction is represented by the
three terms in the parenthesis, where S,,,S,3,55, are

respectively the Fourier transforms of H,,,H 3, H3;.

Let the free-surface displacement of the leading-
order waves be

6 (xy,0=[ A@explk0 -iw)Xo  (15)

where @® = gktanhkh . By the assumption of
stationarity, it can be shown that

A(@)A (@) = S, ()00, - @) (16)
where S,(@) is the spectrum of the first-order

incident wave.

To account for diffraction by lateral boundaries
of the coast and the harbor, and refraction by complex
bathymetry, we express the total first-order dis-
placement by

¢ = j A(@)T, (%, y, )" dw a7
It is easy to show that the frequency response (transfer
function) I can be found from the linear scattering
theory for monochromatic incident waves. Once I is
found by any of the existing methods, the leading-
order response spectrum is
S2(x,y,@) = Sy(@) I (x, y, &) (18)
In typical sea spectra such as JONSWAP and its
extension to finite water depth (see Figure 1), ,is



