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Abstract

This dissertation deals with the internal waves generated by a
submerged moving body in stratified fluids, including linear
interfacial Kelvin waves, flat internal solitary waves and algebraic
solitary waves, by combining theoretical and experimental
approaches. Some special structures of those internal waves and
their effects on the free surface were elucidated. Scientific evidences
were provided for non-acoustic detection of underwater moving
bodies based on the principles of dynamics of the internal waves.

The novel points and main conclusions of this dissertation are
described as follows.

1. An approach to velocity potentials obtained by superposing
Green’s functions of sources and sinks is presented, which is
straightforward, intuitive and easy to be extended to complicated
cases of multi-objects or asymmetrical bodies with arbitrary shapes
moving in stratified fluids. The effects of interacting surface- and
internal-wave modes induced by a dipole moving in a two-layer
fluid on the surface divergence field are investigated for the first
time. It is found that as the density ratio ¥ is not close to one, the
dipole approaches to the interface and the Froude number Fr tends
to the critical value Fr,, the equivalent influence of the two wave
modes on the divergence field at the free surface will be generated. A
characteristic Froude number Fr; corresponding to the situation of
exactly the same influence imposed by the two modes on the free
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surface is found. And a solvability condition for the case of small
density difference between the two fluid layers and a uniformly valid
second-order asymptotic solution are also first presented. For the
limit case of r—1, it is theoretically shown that there exists no
internal-wave mode with infinite amplitude at the interface, and the
obtained solution is degenerated to Newman’s solution for the
single-layer fluid. The above theoretical results are qualitatively
consistent with those obtained in our experiments.

2. A new theoretical model formulating the interaction of a
submerged moving body with the conjugate flow in a three-layer
fluid is first presented. A criterion for the existence of
weakly-nonlinear weakly-dispersive (WNWD) flat solitary waves is
worked out. The numerical results indicate that (a) the conjugate
flow due to a two-dimensional body moving at the bottom possesses
an apparent behavior with two convex interfaces; (b) the solution
satisfying the existence criterion is always unique near the relatively
stable state of system. By applying the model to the case of
two-layer fluid system with a free surface, some theoretical results
are given, agreeing well with those predicted by the fKdV model. In
terms of the above modeling idea, a model for treating the
interaction of step topography with the conjugate flow in a
three-layer fluid is constructed. All these theoretical results are
qualitatively confirmed by our experiments.

3. An exact solution satisfying the two-dimensional
Benjamin-Ono equation is first presented, representing the
two-dimensional algebraic solitary wave with shorter wavelength

v



53 2 Wk oz S A R P BB DA B 1S T 2 1) 45 R O

and larger amplitude compared with the one-dimensional one. By
means of the ray theory and WKB method, the vertically
propagating properties of the weakly nonlinear long waves are
attained. It is pointed out that as the density variation becomes
drastic, the internal waves of lower-order modes begin to be
converted into those of higher-order modes, and that the abrupt
inflexion of ray lines of the higher-mode internal waves near the
center of pycnocline probably plays an important role in the
instability of pycnocline.

4. Two special phenomena have been observed in our
experiments, which qualitatively verify the related theoretical
predictions. One is that as the Froude number Fr for a sphere
moving in the lower layer of a two-layer fluid system decreases, the
amplitudes of divergent waves in the Kelvin wave system decrease
and the amplitudes of transverse waves increase, and then, with the
merging of the divergent and transverse waves into single transverse
waves, their amplitudes become smaller and smaller, and finally
close to zero. The other is that as Fr for a cylinder moving in the
interior of a three-layer fluid increases, there exist four sorts of flow
configuration: the blocking regime, regular waves, the transition
regime and irregular waves. The flat solitary wave appears in the
transition regime and usually possesses the maximum amplitude.

Key words stratified fluid, two-layer fluid, three-layer fluid, internal wave,
interfacial wave, Kelvin wave, flat solitary wave, algebraic solitary
wave, divergence field, conjugate flow, Green’s function,
Benjamin-Ono equation, vertical structure
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RER K EEEAEEE. WE. Wi, KEZFH—
AYERAR. NERZNEERAERBELRKF FNansen, 1t
F 1893 4~ 1896 4F % I & B M “Fram” 5 7E L AR M AR B B, R R
ARAE VKR IS K T _ERAT B AU A, 10 /5 A 8 B R B S
B A R R P9 % 38 BH BT B, IF ARl b “BE K ”(dead water) Bl %2,
(Ekman, 1904).

1978 4F 6 H 28 HXEB —FiEH TE B WM KZ K B3 bif
IR % SAR R, TR ALEIEFEANBNRKN— N ERER. 1978
4, EEAMBIRM Discoverer ZEA M M ZIX WA HRRER
BT EERIE 60 m ) A ISLSE, 373 B T2 M A AILE 3L (Osborne
et al, 1978; 1980). 20 HH42 90 AR, B3RP (1991) 8 Yei 44
MRS, ABIWTTBER, X THRETRARE. ABY KRR
BFIEEAVBERARAMANRRFAREENEN. MR %
(1997)#2 H f) 1 78 P 8 18R U8 2 oF 4% 48 ) RO SR 0 5 22 48 i Bk R
2001 £E 2 A, REFEEXIE E R - FFE“Science”Fv& LRI
H: R THBREMSERE. KSHEERFTERK—% 3000
ARMBKEE, EEERUXRSANBEFHNAERX, X—KRI
B ETNERTENOSERS, BHERVRE. BEFEF ™K
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FIHAF R URNRERR R RIEEBEEH. b, REEEE
HMEBBRBREFEENKRERTE, HFmal KA EReS
FHEBEREHGETTFRBL, 1999).

H—HE, REEMAERNIFERASIRAMNKE. i,
1963 4 A 10 H, XEM“BH RS BHEAIEREEE ZM 350 km
Mg RF, 127 BB EERBEE, BAE, AEERERY.
1992 FEHKZAE, M THEBNREEEVSAMmEHTFEE
2 FE S SR S B ORRIR, BUESEHLSZ R, Yk,

EiRE 58, NEPTAREEER. BEEHEARNRBRRE
HER R, MAEKAVRESERFROREE, AERBIA, M
HERNEBIRE, NKSBEE, NEFRBIEGER, W
2T AKATEBAMEE.

REEA M EFNRS ), BT MR RSHRER. &
B, Al E4ERAEEE S ANEDIHSHELNZ G
HEZAN, WEWRNANENRRBEESINKE S, RIKEM
K (EFRVE J1 % 5L Brunt-Vasaila $i %) N(2) = (- (900 /02)/ p )

R, HEEPHRBEL R 4x1077 57, XRERHTKEG@
REENP)MEERE. W, REEEREHFZERATRM
Retk, EW: AR RAR, HEESREELARER, HEY
MR, BEREHRGE 0 BENE KB EEXE
KAJLKBIBEKKILEAR, RERA+ILBL DR ARE)E
(% Phillips, 1977; HIRT, 1982; HKBK, 1984; RELZE,
1999).

—ANBEZ TR A 1) B - MR I = A ? X RN
WA P ERZAERN RS BiiC20E: B9 SUR AN B KR
Sk AdEEN LR AnRAERTE 15083, MAEKEKIEZ
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B5%). W AR RR MG SRS . Hh R R
TS UL R RSB & iR . ARs). BB
;%) 5 ERNBEHFAHRMREHE Y Z, #FHAHNETS
EH XEEMNLRPhillips, 1977; Yih, 1980; %, 1999;
Miropol’sky, 2001; #H¥4%, 2001). A EBE: &5 ERES
BEEAE MR LT ERAL TR E RAEX. ARH
T AR E A M ST R

1.2 ARERMENX

KTERBEEREREAFZEN P RRER, HEUR
FERF I 1 Bl BB M 04 mURE T B AR LU B/
fEH, RREGEBEAARFANSEN S, BRI RENE
RS, 2 EFER KRR EEA R RS AR IR
AEERBREOERT ML —, KA MR T # K
T TR FUERAATESFRES HOR 1 n 2 77 B Rk
NRREEBER G REM. BRI R B A58 50 m R E
ERFBR, MAYHEEHRERERAY. BEE. ¥ 4
W2 R B )REAT 3F 75 S RO ERBU th F A7 O 3 B - Bl (Stefanick,1988).
# 1.1 RAEFEFHRUTTEREA RN R R

AR T Bt M P B R B B K R e, T B n, R

s, 4. ERMRASEREHBEARAMHE, LEHSR.
BEMEL KEEFREMEIRTZNH, $HlREEF %R
ERRKEFRSBNFER”, XSRERRACHPBE T %5
FLHRPEAR K ERAEFEFRM ARG, UETHWE 200~
300 m ISR E, BRI EERG T HAEERAERES
X, 2001; HE1E, 2002; K%, 2003).



