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Abstract Salinity and temperature variations in the vertical direction lead to density stratification in oceans, and the fluc-
tuation of isopycnal surfaces resulting from internal perturbations (such as stratified shear flow over a bottom topography)
or external disturbances (such as the dead water phenomenon) is called the internal wave. Internal waves are ubiquitous
in the ocean and usually arise in the situation when the density stratification is obvious and stable such as at the mouth of

strait. Oceans are usually characterized by a sandwich-like structure: a mixing layer and a deep-water layer featuring an
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almost uniform density, and a transition layer in the middle with continuous density variation. Fluctuations of the transi-
tion layer have great impact on ocean engineering and ocean ecology, while waves inside the transition layer has potential
applications in the non-acoustic detection of submarines (conversely, in the stealth operation of submarines). The main
reason for these important influences lies in the ability of internal waves to propagate in both horizontal and vertical direc-
tions, which is the essential difference from that of ocean surface waves. In the current paper, two types of ocean density
models, continuously stratified models and discontinuous layered models, are thoroughly discussed. Various nonlinear
models used to study ocean internal waves (including celebrated weakly nonlinear models, such as the Korteweg-de Vries
equation, the Benjamin-Ono equation, and the Kadomtsev-Petviashvili equation, and strongly nonlinear models, such as
the Miyata-Choi-Camassa equation, the fully nonlinear potential theory, and the incompressible Navier-Stokes equation
with density variations), as well as their respective scope of application, are reviewed from the aspects of theoretical
analyses, numerical simulations, and laboratory experiments. Particular attention is paid to the important role of internal

waves in transferring mass, momentum and energy in oceans.

Key words internal ocean wave, layered model, continuously stratified model, nonlinear wave, boundary integral method,
Boussinesq equations, high-order numerical scheme
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Fig. 1 Ekman’s dead water experiments reproduced with modern

always answer the helm. In calm weather, with a light
cargo, Fram was capable of 6 to 7 knots. When in dead
water she was unable to make 1.5 knots. We made loops in
our course, turned sometimes right around, tried all sorts
of antics to clear of it, but to very little purpose.”
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technology by French experimentalists in the laboratory of physics at
University of Lyon. The three-layer fluid system was used as the model
(distinguished by red, white and yellow from top to bottom). The
thickness of each layer was 5.0 cm, 3.0 cm, and 5.5 cm respectively, and
the density was 0.996 7 g/cm?, 1.007 9 g/cm?, and 1.020 1 g/cm?
respectively. The model ship sails from left to right, and snapshots from
top to bottom show the position of the model as well as the internal

wave profiles at different times
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Fig.2 Temperature, salinity, and density in the ocean as function of depth

DR S PR P8 B AR RS AR — MR R
% BSR4y AR (EIKS Holmboe #5078 2 v 1) 25 K 2
BAE—ABAK, TR ERE 1B ARk D) 5%
HESR Y R [ PR ST, T 5 AR R

R B L

F 1893 & Nansen MK 7E LUK I Uz i <5E
IKER BA K Ekman (1) 5256 K 3K 2 J5 ANWrA 56 T
TE Y B BOULINR 75, 40 1910 4E “Michael Sars™ 5 )%
%%.1927 4F “Meteor” 5 1% %2, 1929 4F “Snellius” &
(R 5255 X — A, AATTX ik R S5 I8 Bl A
Mz B {20 thad 40 FEARGE, IR R &%
Tl PR 25 SR HURE VR A A 28 5 T iR A 4t B, AR
PRI (R AR S A e, L o 3 44
[1J& Perry FI Schimke 2 72214 S i A & At/ 17E
1500 m VR 2] 500 m A1 FIRERE ERILT
ik 80 m, K£ 2000 m HIMEFE P, FEAEBE A T
R IR X, Osborne A1 Burch B (5T BA, 1
PR FH 2 I8 2R B R B B B R R v = AR 1, I
) 250 ET 3 LA I 18 B o e A 3 el b, A AT
TR B PO X I S i T AR A R R S,
X —5] NVE H B R BERR A Ikt 258 (millpond
effect). 1 EIRFA B WFIRECERIE FOIT <156 3 57 5%
ARAEZS VDR Sy a0 . G AL AN e itk X R AT S A A
FHE - KT 1983 F A1 1984 F7E 16 W0k %
A1 2K B BRI R T R A 5 2001 4 S P35
] e 7 27 S B0 R FH 22 2% iP5 4 X B VA I L 1 oAy v
AT, 4331 7 AEZNE P9 ik AR R AT O, B 3
JRIF A& Duda %5 475 Hh [ R I - XU 21 7 Py A7
e, HAKIRZ1A 340 m, P HRIE 35 =k 150 m.

07:40 07:45 07:50 07:55 08:00 08:05 08:10 08:15 08:20
3 o [ FE VLI B PR RAIR I PN AIRSL 8. K- AR BRI TR),
1 min RAE— G TEEARPRFRORIGTRIRE (RUARZZTY 340 m)
Fig. 3 A large-amplitude internal solitary wave observed in the South
China Sea. The horizontal coordinate represents the time, sampling
every | min, and the vertical coordinate indicates the depth of the

ocean (the total depth is about 340 m)
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Fig. 4 SAR image of an internal solitary wave in the northern Dongsha
islands (21 degrees north latitude, 116 degrees and 51

minutes east longitude)
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Fig. 5 Global distribution of internal solitary waves. Most of the

locations were obtained by satellite remote sensing!'3]
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Fig. 6 Left panel: interfacial waves under the rigid-lid approximation.

Right panel: interfacial waves with a free surface
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Fig. 7 Particle trajectories under internal solitary waves. Internal
solitary waves move from left to right labeled with black, red, and green
in order, and particle positions are marked as the corresponding colors.
Numerical experiments were carried out in the fully nonlinear

irrotational equations with the density ratio of 0.9 and depth ratio of 2
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TR T — RINH SIS I, SC90 R AL S <8 15
BEav2e dt i, TR 3 ARSI (BD R AR 3 )
B (LK 8). Carr 55 1620 827 — A WAL SRR
5E 15 Deepwell 5 631 Biff 5L 52 N AL bk Jm 38
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Fig. 8 Experimental setup for three-layer internal waves (top); group of

mode-2 internal solitary waves (bottom). See Ref.[62] for more details
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ANF S e EIRENA N 55, A 65
(http://www.gfd-dennou.org/library/gfd_exp/exp-e/doc/iw/guide01.htm)

Fig. 9 Visualization of St. Andrew’s cross excited by a vertically
oscillating circular cylinder in a density stratified fluid with
constant buoyance frequency. The angle of arms is determined
by the period (or frequency equivalently) of oscillation which
is 5 s on the left and 6 s on the right
(http://www.gtd-dennou.org/library/gfd_exp/exp-e/doc/iw/guide01.htm)
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X AE T R T 30 R RedR & 7K P 7 el A& 4, 1 A
F BN (AL B AT IEATAT 7 [ AT, TAE 2 B — 80y )2
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X PR SRR K3 REE X E KRR &
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Fig. 10 Contours of zonal velocity (upper panel) and vertical velocity

(lower panel) superposed on temperature contours (dashed lines) and

cloud contours (heavy solid lines) near the 12 km levell74
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Fig. 11 DNS of St. Andrew’s cross in 3D Boussinesq equations based

on a fourth-order (in both space and time) numerical scheme
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Fig. 12 Various wakes generated by motion of submarine: Kelvin wake,
internal waves, wake turbulence, vortex wake, and pancake eddies.

The figure comes from the internet
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Fig. 13 SAR image of a Kelvin wake in the strait of Georgia 10!
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Fig. 14 Bathymetric map of part of the Andaman Sea (left panel). SAR
image taken by ERS-2 satellite in the Andaman Sea on February 11,
1997 (right panel) shows wave-wave interactions of internal
solitary waves. This figure is provided by Dr. Yuan

from Ocean University of China
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Fig. 15 St. Andrew’s cross in the South China Sea. The fourth-order
numerical scheme was used to carry out the numerical experiment in the

Boussinesq equations with the Reynolds number of 2.5 x 10* [76]

Boussinesq /7 F£8{# Navier-Stokes 77 F£ & f& 55 i s
FEREE. IXREIERR T REM 0 B AR T ig i i
BTSSR S REAR B K52 11 DL 2 4h, i RE
BN T BN B AR SRR (P& 5L
B OHEESE) BRI, R D o iR A
PRIV L 5 FEE R 5 14 T ST LAl

B

RO RET R NG S e AL I N I W N
IR S BT N AR I R BE )57
B U 55 Bk S Y1 G A2 S 7 HERR B2 7 O35 ).

2 F X @

—_

Mercier MJ, Vasseur R, Dauxois T. Resurrecting dead-water phe-

nomenon. Nonlinear Processes in Geophysics, 2011, 18: 193-208

2 Perry RB, Schimke GR. Large-amplitude internal waves observed
off the northwest coast of Sumatra. Journal of Geophysical Re-
search, 1965, 70(10): 2319-2324

3 Osborne AR, Burch TL. Internal solitons in the Andaman Sea. Sci-
ence, 1980, 208(4443): 451-460

4 Duda TF, Lynch JF, Irish JD, et al. Internal tide and nonlinear in-
ternal wave behavior at the continental slope in the northern South
China Sea. [EEE Journal of Oceanic Engineering, 2005, 29(4):
1105-1130

5 Fhaha, e, G AL TR IS EIGIE I BRI LSk B ik
4Rk, 2013, 2(4): 406-421 (Chong Jinsong, Zhou Xiaozhong. Sur-
vey of study on internal waves detection in synthetic aperture radar
image. Journal of Radars, 2013, 2(4): 406-421 (in Chinese))

6 Caponi EA, Crawford DR, Yuen HC, et al. Modulation of radar
backscatter from the ocean by a variable surface current. Journal of
Geophysical Research Oceans, 1988, 93(C10): 12249-12263

7 Alpers W. Theory of radar imaging of internal waves. Nature, 1985,

314(6008): 245-247

10

1

—

12

13

16

17

18

19

20

21

22

23

24

25

26

27

28

Jackson C. Internal wave detection using the moderate resolu-
tion imaging spectroradiometer (modis). Journal of Geophysical
Research: Oceans, 2007, 112: C11012

R KH T IBER — RN 1% 5508k, 2005, 27(2): 3-
8 (Li Jiachun. Billow under the sea surface-Internal waves in the
ocean. Mechanics in Engineering, 2005, 27(2): 3-8 (in Chinese))
BERIRE, FTEERS, WHE IR, 1T 10 SR IFIRSL P PR B Lt e b
FRAELZEHERE, 2011, 26(7): 703-710 (Cai Shuqun, He Jianling, Xie
Jieshuo. Recent decadal progress of the study on internal solitons
in the South China Sea. Advances in Earth Science, 2011, 26(7):
703-710 (in Chinese))

BERRE, B4, B IL T P I Tk R HhBR LA
J&, 2001, 16(2): 215-219 (Cai Shuqun, Gan Zijun. Progress in the
study of the internal soliton in the northern South China Sea. Ad-
vances in Earth Science, 2001, 16(2): 215-219 (in Chinese))
FRE, BAR, P NS TR REUBSEEUREN
FAERER Skl & — R iRk R SO, bRt Bl
FRAL, 2004: 41-45

Apel JR, Ostrovsky LA, Stepanyants YA, et al. Internal solitons in
the ocean and their effect on underwater sound. The Journal of the
Acoustical Society of America, 2007, 121: 695-722

Joseph RI. Solitary waves in a finite depth fluid. Journal of Physics
A General Physics, 1977, 10(12): L225-1.227

Kubota T. Weakly-nonlinear, long internal gravity waves in stratified
fluids of finite depth. Journal of Hydronautics, 1978, 12(4): 157-165
Benjamin, Brooke T. Internal waves of permanent form in fluids of
great depth. Journal of Fluid Mechanics, 1967, 29(3): 559-592
Davis RE, Acrivos A. Solitary internal waves in deep water. Journal
of Fluid Mechanics, 2006, 29(3): 593-607

Ono H. Algebraic solitary waves in stratified fluids. Journal of the
Physical Society of Japan, 1975, 39(4): 1082-1091

Matsuno Y. A unified theory of nonlinear wave propagation in two-
layer fluid systems. Journal of the Physical Society of Japan, 2007,
62(6): 1902-1916

Choi W, Camassa R. Weakly nonlinear internal waves in a two-fluid
system. Journal of Fluid Mechanics, 1996, 313: 83-103

Grue J, Jensen A, Rusas PO. Properties of large-amplitude internal
waves. Journal of Fluid Mechanics, 2000, 380: 257-278

Koop CG, Butler G. An investigation of internal solitary waves in a
two-fluid system. Journal of Fluid Mechanics, 1981, 112: 225-251
Michallet H, Barthélemy E. Experimental study of interfacial soli-
tary waves. Journal of Fluid Mechanics, 1998, 366: 159-177

Lee CY, Beardsley RC. The generation of long nonlinear internal
waves in a weakly stratified shear flow. Journal of Geophysical Re-
search, 1974, 79(3): 453-462

Helfrich KR, Melville WK. Long nonlinear internal waves. Annual
Review of Fluid Mechanics, 2006, 38: 395-425

Miyata M. Long internal waves of large amplitude. [IUTAM Sym-
posinm of Nonlinear Water Waves, Tokyo, Janpan, Aug. 25-28,
1987-1988

Choi W, Camassa R. Fully nonlinear internal waves in a two-fluid
system. Journal of Fluid Mechanics, 1999, 396: 1-36

Jo TC, Choi W. Dynamics of strongly nonlinear internal solitary

waves in shallow water. Studies in Applied Mathematics, 2010,



e

6 ]

T OREE AR IR N B EIE . B iR

1603

29

30

3

—_

32

33

34

35

36

37

38

39

40

4

—_

42

43

44

45

46

4

~

48

49

50

109(3): 205-227

Ostrovsky Lev A, Grue J. Evolution equations for strongly nonlinear
internal waves. Physics of Fluids, 2003, 15(10): 2934-2948

Turner REL, Vanden-Broeck JM. Broadening of interfacial solitary
waves. Physics of Fluids, 1988, 31(9): 2486-2490

Laget O, Dias F. Numerical computation of capillary-gravity interfa-
cial solitary waves. Journal of Fluid Mechanics, 1997, 349: 221-251
Kataoka T. The stability of finite-amplitude interfacial solitary
waves. Fluid Dynamics Research, 2006, 38(12): 831-867
Vanden-Broeck J-M. Numerical calculation of gravity-capillary in-
terfaical waves of finite amplitude. Physics of Fluids, 1980, 23:
1723-1726

Turner REL, Vanden-Broeck J-M. The limiting configuration of in-
terfacial gravity waves. Physics of Fluids, 1986, 29: 372-375

Dias F, Vanden-Broeck J-M. On internal fronts. Journal of Fluid
Mechanics, 2003, 479: 145-154

Sha H, Vanden-Broeck JM. Two-layer flows past a semicircular ob-
struction. Physics of Fluids, 1993, 5: 2661-2668

Dias F, Vanden-Broeck JM. Steady two-layer flows over an obsta-
cle. Philosophical Transactions of the Royal Society A, 2002, 360:
2137-2154

Dias F, Vanden-Broeck JM. Two-layer hydraulic falls over an obsta-
cle. European Journal of Mechanics B/Fluids, 2004, 23: 879-898
Baker GR. Generalized
flows//Waves on Fluid Interfaces, Wisconsin-Madison: Academic
Press, 1983: 53-81

Hou TY, John SL, Michael JS. Removing the stiffness from interfa-

vortex methods for free-surface

cial flows with surface tension. Journal of Computational Physics,
1994, 114(2): 312-338

Meiron DI, Saffman PG. Oerhanging interfacial gravity waves of
large amplitude. Journal of Fluid Mechanics, 1983, 129: 213-218
Grimshaw RHJ, Pullin DI. Extreme interfacial waves. Physics of
Fluids, 1986, 29: 2802-2807

Akers B, Ambrose DM, Wright JD. Traveling waves from the ar-
clength parameterization: Vortex sheets with surface tension. Inter-
faces and Free Boundaries, 2013, 15: 359-380

Wilkening J. Breakdown of self-similarity at the crests of large am-
plitude standing water waves. Physical Review Letters, 2011, 107:
184501

Ambrose DM, Wilkening J. Computation of symmetric, time-
periodic solutions of the vortex sheet with surface tension. Proceed-
ings of the National Academy of Sciences of the United States of
America, 2010, 108(8): 3361-3366

Wang Z, Guan X. Mass transport by fully nonlinear internal waves
in two-layer fluids. Preprint, 2019

Kodaira T, Waseda T, Miyata M, et al. Internal solitary waves in a
two-fluid system with a free surface. Journal of Fluid Mechanics,
2016, 804: 201-223

Forgia G. Ia, Sciortino G. The role of the free surface on interfacial
solitary waves. Physics of Fluids, 2019, 31: 106601

Craig W, Guyenne D, Kalisch H. Hamiltonian long wave expansions
for free surfaces and interfaces. Communication on Pure and Ap-
plied Mathematics, 2005, 58: 1587-1641

Haut TS, Ablowitz MJ. A reformulation and applications of inter-

facial fluids with a free surface. Journal of Fluid Mechanics, 2009,

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

631: 375-396

Barros R, Gavrilyuk SL, Teshukov VM. Dispersive nonlinear waves
in two-layer flows with free surface. i. Model derivation and general
properties. Studies in Applied Mathematics, 2007, 119(3): 191-211
Fochesato C, Dias F, Grimshaw R. Generalized solitary waves and
fronts in coupled korteweg-de vries systems. Physica D, 2005, 210:
96-117

Dias F, II’ichev A. Interfacial waves with free-surface boundary con-
ditions: An approach via a model equation. Physica D, 2001, 150:
278-300

Moni JN, King AC. Guided and unguided interfacial solitary waves.
Quarterly Journal of Mechanics and Applied Mathematics, 1995,
48: 21-38

Michallet H, Dias F. Numerical study of generalized interfacial soli-
tary waves. Physics of Fluids, 1999, 11(6): 1502-1511

Pirdu EI, Dias F. Interfacial periodic waves of permanent form
with free-surface boundary conditions. Journal of Fluid Mechan-
ics, 2001, 437: 325-336

Wang Z, Parau EI, Milewski PA, et al. Numerical study of interfa-
cial solitary waves propagating under an elastic sheet. Proceedings
of the Royal Society A, 2014, 470(2168): 20140111

Rusas P-O , Grue J. Solitary waves and conjugate flows in a three-
layer fluid. European Journal of Mechanics B/Fluids, 2002, 21: 185-
206

Fructus D, Grue J. Fully nonlinear solitary waves in a layered strati-
fied fluid. Journal of Fluid Mechanics, 2004, 505: 323-347
Vanden-Broeck JM, Turner REL. Long periodic internal waves.
Physics of Fluids, 1992, 4: 1929-1935

Sha H, Vanden-Broeck JM. Internal solitary waves with stratification
in density. Journal of the Australian Mathematical Society Series B,
1997, 38: 563-580

Carr M, Davies PA, Hoebers RP. Experiments on the structure and-
stability of mode-2 internal solitary-like waves propagating on an
offset pycnocline. Physics of Fluids, 2015, 27: 046602

Deepwell D, Stastna M, Carr M, et al. Interaction of a mode-2 in-
ternal solitary wave with narrow isolated topography. Physics of
Fluids, 2017, 29: 076601

Carr M, Stastna M, Davies PA, et al.
solitary-like waves. Journal of Fluid Mechanics, 2019, 879: 604-
632

Ambrose DM. Well-posedness of vortex sheets with surface tension.
SIAM Journal of Mathematical Analysis, 2003, 35(1): 211-244
Benney DJ. Long non-linear waves in fluid flows. Journal of Math-
ematical Physics, 1966, 45: 52-63

Lee CY, Beardsley RC. The generation of long nonlinear internal

Shoaling mode-2 internal

waves in a weakly stratified shear flow. Journal of Geophysical Re-
search, 1974, 79: 453-462

Dubreil-Jacotin ML. Sur la détermination rigoureuse des ondes per-
manentes périodiques d’ampleur finie. [PhD Thesis]. Gauthier-
Villars, 1934

Long RR. Some aspects of the flow of stratified fluds I. A theoretical
investigation. Tellus, 1953, 5: 42-58

Stastna M, Lamb KG. Large fully nonlinear internal solitary waves:

The effect of background current. Physics of Fluids, 2002, 14(9):



1604 al =2

i 2019 4F 2% 51 &

7

—_

72
73

74

75

76

77

78

79

80

8

—_

82

83

84

85

86

87

88

2987-2999

Mowbray DE, Rarity BSH. A theoretical and experimental investi-
gation of the phase configuration of internal waves of small ampli-
tude in a density stratified liquid. Journal of Fluid Mechanics, 1967,
56(1): 1-16

Lighthill MJ. Waves in Fluids. Cambridge University Press, 1978
Haynes PH, Marks CJ, McIntyre ME, et al. On the “downward
control” of extratropical diabatic circulations by eddy-induced mean
zonal forces. Journal of the Atmospheric Sciences, 1991, 48: 651-
678

Fovell R, Durran D, Holton JR. Numerical simulations of convec-
tively generated stratospheric gravity waves. Journal of the Atmo-
spheric Sciences, 1992, 49(16): 1427-1442

Alexander MJ, Holton JR, Durran DR. The gravity wave response
above deep convection in a squall line simulation. Journal of the
Atmospheric Sciences, 1995, 52: 2212-2226

LiZ. A high-order numerical scheme for St. Andrew’s cross in strat-
ified fluids. Zhejiang University, 2018

Thomas NH, Stevenson TN. A similarity solution for viscous inter-
nal waves. Journal of Fluid Mechanics, 1972, 54(3): 495-506
Gordon D, Klement UR, Stevenson TN. A viscous internal wave
in a stratified fluid whose buoyancy frequency varies with altitude.
Journal of Fluid Mechanics, 1975, 69(3): 615-624

Hurley DG, Keady G. The generation of internal waves by vibrating
elliptic cylinders. Part 2. Approximate viscous solution. Journal of
Fluid Mechanics, 2000, 351: 119-138

Sutherland BR, Linden PF. Internal wave excitation by a vertically
oscillating elliptical cylinder. Physics of Fluids, 2002, 14(2): 721-
731

Tabaei A, Akylas TR. Nonlinear internal gravity wave beams. Jour-
nal of Fluid Mechanics, 2003, 482: 141-161

Tabaei A, Akylas TR, Lamb KG. Nonlinear effects in reflecting and
colliding internal wave beams. Journal of Fluid Mechanics, 2005,
526: 217-243

Diamessis PJ, Wunsch S, Delwiche I, et al. Nonlinear generation of
harmonics through the interaction of an internal wave beam with a
model oceanic pycnocline. Dynamics of Atmospheres and Oceans,
2014, 66(2): 110-137

Javam A, Imberger J, Armfield SW. Numerical study of internal
wave reflection from sloping boundaries. Journal of Fluid Mechan-
ics, 1999, 396: 183-201

Javam A, Imberger J, Armfield SW. Numerical study of internal
wave-wave interactions in a stratified fluid. Journal of Fluid Me-
chanics, 2000, 415: 89-116

Slinn DN, Riley JJ. A model for the simulation of turbulent bound-
ary layers in an incompressible stratified flow. Journal of Computa-
tional Physics, 1998, 144: 550-602

Liu R. A numerical and analytic study of internal waves in stratified
fluids. [PhD Thesis]. University of Manchester, 1989

Diamessis P, Domaradzki J, Hesthaven J. A spectral multidomain
penalty method model for the simulation of high Reynolds number

localized stratified turbulence. Journal of Computational Physics,

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

2005, 202: 298-322

Pal A, Stadler MBD, Sarkar S. The spatial evolution of fluctuations
in a self-propelled wake compared to a patch of turbulence. Physics
of Fluids, 2013, 25(9): 317-338

Stadler MBD, Sarkar S. Simulation of a propelled wake with mod-
erate excess momentum in a stratified fluid. Journal of Fluid Me-
chanics, 2012, 692(2): 28-52

Abdilghanie AM, Diamessis PJ. The internal gravity wave field
emitted by a stably stratified turbulent wake. Journal of Fluid Me-
chanics, 2013, 720(4): 104-139

Gilreath HE, Brandt A. Experiments on the generation of internal
waves in a stratified fluid. ATAA Journal, 1983, 23(5): 693-700
Hopfinger EJ, Flor JB, Chomaz JM, Bonneton P. Internal waves gen-
erated by a moving sphere and its wake in a stratified fluid. Experi-
ments in Fluids, 1991, 11(4): 255-261

Bonneton P, Chomaz JM, Hopfinger EJ. Internal waves produced by
the turbulent wake of a sphere moving horizontally in a stratified
fluid. Journal of Fluid Mechanics, 1993, 254: 23-40

Meunier P. Stratified wake of a tilted cylinder. Part 2. lee internal
waves. Journal of Fluid Mechanics, 2012, 699(5): 198-215
Spedding GR, Browand FK, Bell R, Chen J. Internal waves from in-
termediate, or late-wake vortices. Stratified Flows I//Proceedings of
the 5th International Symposium on Stratified Flows, 2000, 113-118
Spedding GR. The evolution of initially turbulent bluff-body wakes
at high internal froude number. Journal of Fluid Mechanics, 1997,
337: 283-301

Kops SMDB, Riley JJ, Winters KB. Dynamics of turbulence
strongly influenced by buoyancy. Physics of Fluids, 2003, 15(7):
2047-2059

Diamessis PJ, Spedding GR, Domaradzki JA. Similarity scaling and
vorticity structure in high-Reynolds-number stably stratified turbu-
lent wakes. Journal of Fluid Mechanics, 2011, 671(3): 52-95
Taylor JR, Sarkar S. Internal gravity waves generated by a turbu-
lent bottom ekman layer. Journal of Fluid Mechanics, 2007, 590:
331-354

Linden PF. Internal wave excitation from stratified flow over a thin
barrier. Journal of Fluid Mechanics, 1998, 377: 223-252

Donato AN, Peregrine DH, Stocker JR. The focusing of surface
waves by internal waves. Journal of Fluid Mechanics, 1999, 384:
27-58

Yuan C, Grimshaw R, Johnson E. The evolution of second mode
internal solitary waves over variable topography. Journal of Fluid
Mechanics, 2018, 836: 238-259

Yuan C, Grimshaw R, Johnson E, et al. Topographic effect on
oblique internal wave-wave interactions. Journal of Fluid Mechan-
ics, 2018, 856: 36-60

Yuan C, Grimshaw R, Johnson E, et al. The propagation of inter-
nal solitary waves over variable topography in a horizontally two-
dimensional framework. Journal of Physical Oceanography, 2018,
48: 283-300

Tunaley JKE. Simulation of internal wave wakes and comparison

with observations. ESA Living Planet Symposium, 2013



