
Index

accelerations
cargo and equipment, 232–233
hydrofoil vessel, 178–179, 217
planing vessel, 373–374
semi-displacement vessel, 254, 266
SES, 147, 149, 161–162

acoustic waves, 155–158
actuator disc, 51
added mass

air cushion oscillations, 312–313
catamaran section in heave, 242
catamaran section in roll, 250–251
catamaran section, low-frequency

sway, 402–403
elliptic disc, 308
finite water depth, 403–404
Lewis form sections, high-frequency,

heave, 327
Lewis form sections, low-frequency,

sway-roll, 427–428
Lewis form sections, low-frequency,

sway, 395–396
local hydroelastic slamming, 298
rectangular section, high-frequency,

heave, 327–328
rectangular section in heave, 237
surge, 393
wedge section in heave,

high-frequency, 368–369
added mass and damping, definition, 234
added propulsion power due to

maneuvering, 417–419
added resistance in waves, 39

planing vessel, 345
semi-displacement vessel, 261–263
SES, 159–161

added resistance in wind, 39
adiabatic pressure-density relationship,

151
advance ratio, propeller, 53
aerodynamic pitch-up instability, 344
after perpendicular, 43
air bags, SES, 145–147
air cushion vehicle (ACV), 5
air fan system, SES, 141
air lubrication technology (ALT), 5
air resistance, 35–36
angle of attack, foil, 32
antiroll damping, fin, 284–285
aspect ratio, foil, 32, 167
atmospheric pressure, 142
automatic control

hydrofoil vessel, 169
maneuvering, 403

PD regulator, 417
PID regulator, 403
semi-displacement vessel, 224–226,

249–250
SES, 158–159

azimuth thruster, 58

beam equation (Euler), 292, 326
bending moment, 271, 273–282, 317,

321–324
bending stress, 294
Bernoulli’s equation, 35

accelerated coordinate system, 424
Biot-Savart’s law, 186
blade area ratio (BAR), 49
Blasius solution, 16
block coefficient, 42–43
boundary element method (BEM), 117,

182, 184–185
boundary integral method (BIM), 117
boundary layer, 14

displacement thickness, 24
momentum thickness, 22

boundary-layer equations, 19–20
Boussinesq equation, 83, 98
bow-diving, 9, 162, 266, 286–287, 344
bow ramp, 318
bow seal fingers, 141–142, 147–149
brake power, definition, 61
breaking waves, 78–79, 86, 116, 120
broaching

calm water, 9, 267, 431
hydrofoil vessels, 165
waves, 9, 268, 391–392, 432–433

Buckingham’s Pi-theorem, 21
bucket curves,

foils, 170–171
waterjet inlet, 72

buttock lines, 342

cable equations
dynamic, 147

camber, foil, 32, 167
canard, foil configurations, 166
capacity coefficient, 68–69
capillary waves, 91
carborundum, 41
catamaran semi-displacement vessels,

221–224
cavitation

definition, 1
foil, 169–173
propeller, 55–59
slamming, 294–296

cavitation bucket
foil, 170
waterjet inlet, 72

cavitation inception index, 171
cavitation number, 42

propeller, 56–57
cavitation pressure, 435–436
center of pressure, 192
chine, 342–343
chine-walking, 267, 364
chord length, foil, 32, 167
circulation, 50, 179
cobblestone oscillations, SES, 4–5,

149–159
acoustic resonance, 154–159
uniform pressure resonance, 150–154

complex linear response, 232
compression force, 271
conservation of fluid momentum, 75–76
conservation of kinetic fluid energy, 77
continuity equation

compressible fluid, 164
incompressible fluid, 34

contouring mode, 169
control means, maneuvering, 419–421
convolution integral, 257
coordinated turn, 176–177
coordinate system

Earth-fixed, 393
maneuvering, 393, 421–422
wave-induced response, 229–231

cork-screwing, 9, 267, 431
crash stop, 406, 408
critical damping, 227
critical speed, 102, 125
cross-flow principle, 406

D’Alembert’s paradox, 26, 50
damping

air leakage, 152–153, 158
foil, 235, 247–249
hull-lift, 235, 246–247, 249
planing vessel, 370
springing, 337
viscous, 235

damping, wave radiation, 246
catamaran section in heave, 242
catamaran section in roll, 250
rectangular section in heave, 237

damping ratio, 227
deadrise angle, 286–287
densimetric Froude number, 139
density, air and water, 435–436
developed area, propellers, 49
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diagonal standing waves, 97
diffraction problem, 229
dipole, infinite fluid, 182
directional stability

coupled sway-roll-yaw, 430–431
coupled sway-yaw, 400–401

dispersion relationship, 85
displacement vessel, definition, 1
divergent waves, 101
double-body problem, 25
downwash, foil, 172–173, 206–208
drag bucket, foils, 32–33
drag coefficients

circular cylinder, transient flow,
410–412

foil, 32–33
ship cross sections, 406–410

drift angle, 394
drop test, 286, 288, 290–291, 340
Duhamel integral, 257
dynamic amplification factor, 228
dynamic free-surface condition, 78–80,

90, 97, 98
dynamic stability

linear analysis, 370–371
semi-displacement vessels, 266–270

efficiency, propeller, 53
hull, 61
ideal, 55
overall propulsive, 61
relative rotative, 60

efficiency, waterjet
jet, 67
overall propulsive, 67
pump, 67
relative rotative, 67
thrust power, 67

Ekranoplanes, 5–6
elliptical planform, 197
encounter frequency, 231
energy, potential flow, 84
equations of motions in waves

frequency domain, 233–236, 378
linear time domain, 257–258
nonlinear time domain, 378–380

Euler angles, 422
Euler’s equations

fluid motions, 164, 305
rigid-body motions, 421–425

expanded area, propellers, 48–49

fan characteristics, SES, 143
fetch, 93
flow separation, 26–28, 410–411
flutter

hydrofoil vessels, 165
skirts of SES, 149

foil catamaran, 166–167
foil interaction, 172–173, 205–208
foil lift damping, 247–249
foil span, 32, 167
foil with flap, 194–195
form factor, 41
form resistance, 25–28
forward perpendicular, 43
free shear layer, 33, 35

free-surface conditions
potential flow without surface tension,

78–81
potential flow with surface tension, 90
viscous flow, 98

free vibration phase, slamming, 291,
292–295

free vibrations, 226–227
frequency of encounter, 231
friction coefficient, definition, 22
frictional force coefficient, definition, 23
frictional resistance, 15–16
frictional stress, 14
Froude-Kriloff loads, 213, 229

generalized, planing vessel, 374–376
Froude number

critical, 38
densimetric, 139
depth, 38
length, 1
volumetric, 364

Froude scaling, 40
Froude’s hypothesis, 40

Gauss theorem, 76
generalized Wagner theory, 303
Glauert integral, 191
global wave loads, catamarans, 271,

273–282
Green function, linear wave resistance,

108
Green’s second identity, 181
green water, 286–287, 314–317
group velocity, 85

Hama strip, 41
head, 67
head coefficient, 68
heave, 229–231
high-aspect–ratio planing surface,

358–360
hogging, 281
hollow aft of transom, 116
horseshoe vortex, 186
Hughes formula, 23
Hughes method, 41–42
hull-lift damping, 246–247, 249
hull roughness, 28–31
humps and hollows, 101
hydraulically smooth surface, 30–31
hydrodynamic pressure, 35
hydroelasticity, 287
hydroelastic slamming, 290–301
hydrofoil vessel

foil catamaran, 166–167
free surface–piercing foils, 3–4, 166
fully submerged foil system, 3–4, 166

hydrostatic pressure, 35

ideal angle of attack, 193
IMO maneuvering criteria, 390–391
impeller, 63
impulsive load response, 228–229
impulse response function, 257
incompressible fluid, definition, 78
inlet velocity, 70
inlet velocity ratio (IVR), 71

inner layer, 20
interceptor, 12, 13, 225–226
internal waves, 138–140
irrotational motion, definition, 78
ISO 2631 (1 fatigue-decreased

proficiency boundaries, 8–9
ISSC, 91
ITTC, 91
ITTC 1957 model-ship correlation line,

15

jet domain, 305
JONSWAP spectrum, 92

Kelvin angle, 101
finite water depth, 127

Kelvin’s theorem, 180
Keulegan-Carpenter number, 406, 408,

415
kinematic free-surface condition, 80
kinematic viscosity coefficient, air and

water, 435–436
Kutta condition, 50, 178–179
Kutta-Joukowski formula, 188

laminar airfoils, 16
laminar flow, 14
Laplace equation, 34
large-eddy simulations (LES), 19
length between perpendiculars, 43
Lewis form, 327
lift coefficient, foil, 32–33
lift-induced drag, 176
lifting line theory

steady, 195–197
unsteady, 212

linear wave theory, 81–82
longitudinal prismatic coefficient, 43
long-term prediction,

response, 260–261
waves, 94–95

louver, SES, 156, 158
low-aspect–ratio lifting surface, 398–399

maneuvering
coupled six degrees of freedom,

421–426
hydrofoil vessel, 176–178, 425–426
planing vessel, 383–385
SES, 141, 143, 402

maneuvering in waves, 391–392, 432–433
maneuvering, semi-displacement vessel

coupled surge-sway-yaw, 416–419
coupled sway-roll-yaw, 426–431
coupled sway-yaw, 399

mass coefficient, 411
material derivative, 80
Mathieu instability, 268–270, 364
mean wetted length-to-beam ratio, 350
metacentric height

planing vessel, 363–365
semi-displacement vessel, moderate

speed, 235, 429–430
semi-displacement vessel, speed

effect, 267–268
SES, 143–145

Michell’s thin ship theory, 110–112
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microbubble drag reduction (MBDR),
12

midship section coefficient, 43
modal period, 92
model test procedure,

ship resistance, 39–42
waterjet propulsion, 63–70

moment of inertia, 234
momentum flux, 18
monohull semi-displacement vessels,

221–223
Morison’s equation, 411
most probable largest value, short-term

sea state
response amplitude, 279
wave amplitude, 93

motion equations in waves,
semi-displacement vessels

frequency domain, 233–236
three connected bodies, 321–325
time domain, 257–258

motion control, semi-displacement
vessel, 224–226, 249–250

Munk moment, 398

natural frequency
air cushion, 313
catamaran in roll, 252–253
cobblestone oscillations, 153, 155
damped, 227
dry beam, 293
elastic vibrations of monohull, 329–330
internal waves in tank, 140
monohull in heave, 236
piston mode, 245
planing vessel, 375–376
roll, 252–253
sloshing, 97
undamped, 228
wet beam, 294

natural period
two-node vertical vibrations of

monohull, 330
Navier-Stokes equations, 16–18
necklace vortex, 34
Neumann-Kelvin problem, 255
Newtonian stress relations, 18
Newton-Rader propeller series, 56–57
normal modes, 292
NS-ISO 2631/3 – severe discomfort

boundaries, 8

operational limits, 6–10
outer layer, 20
overlap layer, 20

peak period, 92
pentamaran, 2–3
phase angle, 231
phase velocity, 85
Pierson-Moskowitz spectrum, 92
piston mode resonance, 242–246
pitch, 229–231

propeller, 49–50
pitch connecting moment, 271, 273–282
Pi-theorem, 21
planar motion mechanism (PMM), 392

planform area, foil, 32
planing vessel, definition, 1, 342
platforming mode, 169
plunging breaker, 78–79
porpoising, 9, 344, 365–373
potential flow, 34
Prandtl’s lifting line theory, 195–197
Prandtl–von Karman friction formula, 16
pressure coefficient, 170
product of inertia, 234
propeller

free surface–piercing, 59, 342–343
high-speed vessels, 55–60
inclined shaft, 13
supercavitating, 55–56

propeller disc area, 48
propeller efficiency, 53
propeller slip stream, 51–53, 419–420
propeller thrust-loading coefficient, 52
propeller tunnel, 13
propulsive power, foil catamaran,

174–175
pump diagram, 68–69

radiation problem, 229
ram inlet, 73
random phase angles, 91
Rankine panel method, 117, 255, 258
Rankine source, 118
Rayleigh distribution, 93
reduced frequency, 211
refraction, 87–90
relative motion and velocity, catamaran,

287, 289
residual resistance, 40, 43–44
resistance

semi-displacement vessel, 42–45,
99–101

SES, 99–101
response amplitude operator (RAO),

231
restoring coefficients

hydrofoil vessel, 220
planing vessel, 366–368
semi-displacement vessel, 234–235

retardation function, 257
Reynolds-averaged Navier-Stokes

(RANS) equations, 18–19
Reynolds number, 14, 15

critical, 14–15
transition, 14–15

Reynolds stresses, 19
ride control system, 169
RMS value, 7
roll, 229–231
roll axis, 232
roll-up of vortex sheet, 207–208, 219–220
rooster tail, 116, 118–119
Routh-Hurwitz stability criterion, 371
rudder, 13, 166, 209, 225, 342–343,

419–421

sagging, 281
sailboats, 6, 166
Savitsky’s formula, 349–351
scaling

air cushion, 313

cobblestone oscillations, 154
Froude, 40
global hydroelasticity, monohulls, 338
local hydroelastic slamming, 297
maneuvering, 416

scatter diagram, 94–95
scattering problem, 229
Sears function, 217
sea state, statistics, waves, 95–96
second-order wave theory, 82–83, 97–98
self-propelled test, 61
semi-displacement vessel, definition, 1
separation point, 26–27
SES, 4–5
shallow water, steady ship problem,

128–135
shear force, 271, 273–282, 317, 321–324
shockless entry, 193
short-term prediction

response, 259–260
waves, 91–93

significant wave height, 92
similarity solution, slamming, 302
sink for steady flow, 108
sinkage

planing vessel, 360–362, 381–382
semi-displacement vessel, 44–45, 256
SES in waves, 159–160
shallow water, 134–135

SI system, 435–436
skirt, SES, 141–142
slamming

air cushion, 310–313
bow flare section, 332–333
elliptic disc, 308
fluid wedge, 313–314, 316–317
global hydroelasticity, monohull,

325–333
global hydroelasticity, wetdeck,

317–325
local hydroelasticity, 290–301
rigid wedges, 302–305
threshold velocity, 286, 338
wetdeck, 319–321, 324, 338–339

slender body theory
coupled sway-roll-yaw, maneuvering,

426–429
coupled sway-yaw, maneuvering,

395–398
vertical vibrations of monohull,

326–327
sloshing, 97, 252
smoothed particle hydrodynamics

(SPH), 117
Snell’s law, 89
source for steady flow, 108
span length, foil, 32, 167
speed loss

maneuvering, 416–417
semi-displacement vessel, 160–161,

265–266
SES, 159–162

speed of sound, 154
split moment, 273
spray deflector, 38
spray rail, 37

resistance, 37
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spray resistance, 36–38, 176
spray root, 305
springing, 334–338
stability analysis, linear, 370–371
stalling, 28, 32–33
stator, 63
steady-state solution, 228
stepped planing hull, 342–343, 355–358
strip theory, 237
Stokes’s theorem, 179
Stokes’s waves, 82–83
Stratford flow, 26
structural inertia phase, slamming, 291
subcritical flow, 27
submerged floating tunnel, 137
substantive derivative, 80
supercavitation, definition, 1
supercritical flow, 27
supercritical speed, 102–103
surface tension, 36, 90–91
surge, 229–231
SWATH, 2
sway, 229–231
sweep, foil, 167
swirling waves, 97

taper ratio, foil, 167
Taylor wake, 61
T-foil, 224–225
Theodorsen function, 211
thickness, foil, 167
thrust coefficient, propeller, 53
thrust-deduction coefficient

propeller, 61
waterjet, 67

thrust-loading coefficient, propeller, 52
tip vortex sheet cavitation, 51
Tollmien-Schlichting waves, 14–15
torque coefficient, propeller, 53
torsional moment, 271
tractor propeller, 57–58, 167
transcritical flow, cylinders, 27
transfer function, 231
transom stern, definition, 221
transverse waves, 101
transom wedge, 12
trim

planing vessel, 360–362, 381–382
semi-displacement vessel, 44–45, 256
shallow water, 134–135

trim tab, 224–225
turbulence intensity, 16
turbulence stimulators, 40–41
turbulent flow, 14
turbulent stress, 19–20
turning circle maneuver, 390–391, 405,

407

two-and-a-half D (2.5D) theory
(2D+t theory)

hydrofoil, 208
maneuvering, 403–405, 410–415
steady flow, planing vessel, 345–349,

385, 386–388
steady flow, semi-displacement vessel,

115–120
unsteady flow, semi-displacement

vessel, 253–254

unified theory, 245

vapor pressure, 435–436
velocity potential, definition, 34
vena contracta, 63–64
ventilation

definition, 1
propeller, 59
slamming, 294–296
strut-foil system, 173, 208–209
waterjet inlet, 5, 7–8

ventral fin, 402
viscosity coefficient, 435–436

dynamic, 14
kinematic, 14

viscous stress, 17–18
viscous sublayer, 20
viscous water resistance, 13–35

foils, 31–35
voluntary speed reduction, 160
von Karman method, slamming, 301
vortex, 182
vortex-induced vibrations, 28
vortex line, 186
vortex tube, 185–186
vorticity, 34

Wagner method, slamming, 301, 305–310
Wagner problem, foil, 183–184
wake, 45–47
wake fraction, 60

waterjet, 66
wall friction velocity, 21
wash, 1–2, 101–103
waterjet, 13, 61–73
waterjet inlet, 70–73
waterplane area coefficient, 237
wave-breaking limit, 86
wave-breaking resistance, 38
wave drift force, 261
wave energy density, 84–85
wave energy propagation velocity, 85
wave equation, 154
wave height

most probable largest, 93
significant, 92

wave-induced response
hydrofoil vessel, 212–219, 220
planing vessel, 373–382
semi-displacement vessel, 229–261
SES, 149–159

wave interference, 240
wavemaker solution, 283–284
wave pattern resistance, 38
wave period

mean (T1), 92
mean (T2), 92
modal or peak (T0), 92

wave-piercing catamaran, 2–3
wave radiation damping, 246
wave ray, 88
wave refraction, 87–90
wave resistance, 99–101

finite water depth, 123–126
hydrofoil, 199–201, 204
multihull vessel, 120–122
SES and ACV, 122–123
supercritical flow in shallow water,

132–134
subcritical flow in shallow water,

133–135
Tuck’s parabolic strut, 114–115
Wigley ship model, 112–114
Wigley’s wedge-shaped body, 112

wave spectrum, 91–93
function of frequency of encounter,

334–335, 341
ISSC, 92
ITTC, 92
JONSWAP, 92
Pierson-Moskowitz, 92
short-crested, 93
Torsethaugen, 334

wave trapping, 241–246, 251–252
Weber number, 36, 42
Weissinger’s approximation, 193–194
wetdeck, 286
wetdeck slamming, 162, 286–287
whipping, 287, 317
Wigley ship model, 112–113
wind velocity profile, 39
wing-in-ground effect, 199
wing-in-ground (WIG) vehicles, 5–6
winglet, 34

yaw, 229–231
yield stress

aluminium, 299
steel, 330

Young’s modulus, 330

Z-drive, 13, 57–58
zigzag (Z) maneuver, 390–391, 406–408
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