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Purpose of paper

The purpose of this paper is to put forward my explanation of the fluid mechanics involved in the
operation of a bulbous bow as used in naval architecture. It is my position that the currently-
accepted description of this hydraulic effect incorrectly associates the hydraulics with the
actions of destructive wave interference.

| am not questioning the value of a bulbous bow. | am simply questioning the current description
of how they work.

About the author

Grant Witheridge is a retired civil engineer with both Bachelor and Masters degrees from the
University of NSW (UNSW). He has 40 years experience in the fields of hydraulics, creek
engineering, stormwater management, and erosion & sediment control, during which time he
has worked for a variety of federal, state and local governments, as well as private
organisations.

Grant commenced his career at the UNSW Water Research Laboratory (1981) constructing and
operating physical flood models of river floodplains.

Grant is the principal author of more than 50 engineering publications covering the topics of
creek engineering, fish passage, stormwater management, aerodynamics, astrophysics, and
erosion and sediment control. A common feature of all these publications is the science of fluid
mechanics.
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Preface

YouTube uses mathematics to predict what videos | am likely to be interested in watching.
Watching YouTube is a bit like looking into a mirror. What is being presented to you is just a
reflection of what you are projecting toward
was the videos that | had previously chosen
of videos that YouTube believed | would be interested in watching.

Unlike a mirror that projects as exact image, YouTube presents you with a reflection of your
likely interests, which is based in-part on your past viewing, and partly on those YouTubers that
have shown a similar past history.

One of the consequences of this Al-generated intelligence is that the regular watching of
YouTube can reinforce in yaotbet buead ni ¢ hian fwhd
are constantly directed towards videos that tell you:

1 what you are watching is of interest to other people
9 the opinions expressed in the videos are likely to reflect your own opinions; and

9 that your understanding of events, of history, of sport, and of the sciences, is in fact the
correct understanding.

Wow!
So, what does all this intellectual bull sh.

Well, the other day YouTube decided that | would like to watch a video which described the

hydraulic properties of bulbous bows. As a retired hydraulic engineer, | watched and listened to
the presenterés explanation of the hydraulig
view. This was a video the interested me, but it did not reflect my beliefs.

I have long taken an interest in the functioning of the bulbous bow on ships, but until | watched
the video | had never heard the term 6bul bol
this lower protruding bow. | have even spoken about the purpose of such protruding bows to my
hydraulics students, and even referenced to it in a court case.

I had done all of this without ever studying the hydraulic properties of bulbous bows, or reading
any naval architecture books about the subject. So, have | been wrong all these years?

Logic would suggest that | am likely to be the one that has a false understanding of the bulbous
bow. But | am not convinced that | am the one that is wrong (typical engineer!).

So, here | find myself writing a new document to explain my understanding of the bulbous bow.

Of course | realise that | could be completely wrong. The best that | can do is to leave it to the
naval architects and naval engineers to determine if my explanations are justifiable.

Introduction

Before reading this document you need to know that | am not a trained naval architect. | know
probably as much about naval architecture as your average naval architect knows about
waterway and stormwater hydraulics.

This document represents just the opinion of one hydraulic engineer. However, as a retired
hydraulic engineer (or water engineer if you prefer), my specialty was in fluid mechanics, which
applies equally to water movement as it does to boat movement.

| believe that the currently-accepted description of the hydraulic properties of a bulbous bow is
incorrect, or at least misleading. | also believe that the current description of the bulbous bow
hydraulics has been repeated so many times that people have stopped questioning the stated
hydraulics.
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Introduction

Frme aan Who am | to have an opinion

W&’ﬁg&iﬁ,ﬁ,‘;““‘ 1 I graduated from the University of New

T South Wales as a civil engineer.

_WRL PROJECTS

1 | specialised in water engineering, and my
first job was at the
Research Laboratory.

1 My work primarily involved operating
physical models of river floodingd a job
that, these days, is mostly performed by
numerical models.

1 Inthis laboratory we operated flume
studies, which are similar to tow tanks.

My work place, but a borrowed car!

b\ﬁ e L My speciality

1 While working for the University on a full
time basis, | returned to my studies to
complete a Masters Degree in fluid
mechanics, which allowed me to also
study aerodynamics at the School of
Mechanical Engineering.

1 Unfortunately | never studied naval
architecture, but in hindsight, | wish | had.

1 My expertise in fluid mechanics lies in
three-dimensional flow conditions, creek
engineering, and wave theory.

My interest in naval architecture

T I dondét think there
engineering that does not show some
interest in boats and boating.

1 My brothers and uncles sail, but for me my
interest has always been in understanding
the movement of waves, including bow
waves.

1 I could sit on a boat and watch bow waves
forming and dissipating, for what would
seem to be an endless period of time.

Bow wave

The purpose of this document

1 | started preparing this document because
| watched a Youtube video that reported to
explain the fluid mechanics of a bulbous

bow.

1 | was disappointed to see that the video
described the hydraulics in a manner that |
could not agree withd no problem, | will

just watch a video presented by a trained
naval architectd Oh no, it was the same
explanation, again and again.

1 So, | wrote this paper with my explanation.

YouTube
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Bulbous bows

Bulbous bow

- bl ;
Towing tank (Wikipedia)

The
Macquarie

DICTIONARY

Terminology

What is a bulbous bow

1 Wikipedia (2025) statesthat6a b ul b
bow is a streamlined flaring or protruding
bulb at the bow (or front) of a ship just

bel ow the waterline.

1 These bulbous bows are primarily seen on
large ships.

1 Its primary purpose is to reduce drag, and
thus save fuel and money.

1 Itis not a bumper bar used to push whales
out of the way.

The ui d

bows

6reportedd6 fI

1 Itis reported that the effects of the
bulbous bow are linked to the actions of
destructive wave interference.

9 Itis said that the bulb is positioned such
that the trough formed by the bulb aligns
with the wave crest formed by the bow.

1 The destructive interference of the
combined crest wave and trough wave
generates a lower net wave height.

Naval architecture

1 Naval architecture involves the research,
design, development, and evaluation of all
aspects of a marine vehicle.

1 1 am not aware of the type of professionals
that perform towing tank testingd but |
assume they include naval architects,
naval engineers, and hydraulic engineers.

1 Each of these professions have their
preferred terminology, which can cause
confusion between the professions.

Terminology

1 1 am sure that a lot of my concerns can be
linked back to the different terminology
used in water engineering and naval
architecture.

1 | primarily use water engineering
terminology; however, | will try to utilise
naval architecture terminology as much as
possible throughout this paper.

1 I have included a short glossary of terms
at the end of the paper.

r
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Layout of this document

L Review of fluid mechanics and wave
Cront mechanics
a gqwL 1 lam completely aware that most of the
y a naval architects reading this document will
B ) not require a refresher course in fluid
Trough Farticle mechanics and wave theory.

motion

1 However, for completeness, chapters 1 to
O 3 provide a review of fluid mechanics,

L O wave mechanics, and the mechanics of

B_ed friction > bow waves.

distorts the ~

(@3

particle motion

Surface wave terminology

Y

Chapter 4: The Currently -Accepted Theory
of Bulbous Bow Hydraulics

1 Chapter 4 provides a summary of the
currently-accepted theory of bulbous bows
as provided on the Internet.

Destructive wave interference

Chapter 5: My Explanation of the Bulbous
Bow Hydraulics

1 Chapter 5 provides my explanation of how
| believe a bulbous bow is able to reduce
hull drag, and thus save fuel.

No destructive wave interference
Chapter 6: My Recommended Design Rules

1 Chapter 6 provides my seven (7)
recommendations for the design of
bulbous bows.

1 These recommendations must be treated
with caution given my limited training in
naval architecture.

Type A TypeB TypeC

Bulb forms and parameters
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1. Introduction to Fluid Mechanics
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An introduction to  fluid mechanics

Wind tunnel testing of a Boeing 777

? Travel path of a ball dropped by a
1 person standing on a moving train
! as observed from a person sitting
1 on the same train

Fluid mechanics

T A Of ldua dsbu bisst ance wh
flowing and offers no permanent
resistance to changes in shape; a liquid or
a g gMacqdarie Dictionary, 2006)

1 The science of fluid mechanics covers
water engineering, aerodynamics,
astrophysics, and naval architecture.

(The image, left, is a photo | took of Niagara
Falls in 1995; an example of water in motion).

Point of reference

1 According to the laws of motion, it does
not matter if you study the dynamics of a
boat moving through still water, or if you
study the dynamics of water moving past a
stationary vessel held in a test flume.

1 The same forces will act on the boat if the
water is moving and the boat is still, if the
boat is moving and the water is still, or if
both the boat and water are moving.

1 The only issue that matters is the relative
velocity difference.

Observers on a train and on a platform

1 If a passenger sitting on a train watched
someone on the same train drop a ball,
then the passenger would observe the ball
simply falling vertically to the floor.

1 If a passenger sitting on a railway platform

@---muu.. Tramtravel.
...

Travel path of the Sl

dropped ball as observed N

by a person sitting on a B
station platform outside the &
moving train ‘

observed the same person (on the train)
dropping the ball, then they would observe
the ball moving along a curved path.

1 The two observers would see two different
forms of motion, but in each case the
same laws of physics apply.

Observing the dropping of a ball

Hull testing (Wilipedia)

Hull design and testing

1 The hydraulics of hull design and testing
can involve:

- studying a model boat being driven by a
gantry through still water in a towing
tank

- studying a stationary boat held in
flowing water (a flume).

1 In naval architecture it is more common for
the former case because it is desirable to
have a wide tank that avoids wave
reflection issues.

© Catchments & Creeks
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An introduction to wave motion

The movement of fluids

9 Fluids are either moved by the force of
gravity, of through the actions of pressure.

1 Gravity works on every molecule of water
evenly, so there is no time delay in the
actions of gravity.

1 Pressure forces, however, move through a
fluid at the speed of causality.

1 The speed of causality depends on
whether the pressure message is being

! moved by a surface wave, or by an
R o e S s internal compression wave (e.g. sound).
Surfing standing waves

L Surface waves
Crest 1 Water is usually considered to be an
) a gL incompressible fluid.
a 1 This means that a change in water
_Trough Particle pressure is normally associated with a

change in the effective water depth.

motion
1 Movement of a surface wave corresponds
O with the internal movement of a pressure
wave.
Bed friction g
distorts the 5
(@3

particle motion

T The speed of a wave
can be determined by its wave length (L)

and period (T); thus: C = L/T = (gT)/(2B).

Surface wave terminology

Compression waves

1 Even though water is considered to be
incompressible, it should be
acknowledged that all matter is
compressible to some degree, otherwise
we would not have black holes.

1 The movement of sound waves through
water relies on the minor compression of
water in order to carry these longitudinal
compression waves.

Sound waves in water
Energy movement vs particle movement

1 Asis the case for any fluid, water can
experience both energy movement and
particle movement.

1 Energy movement can involve pulsating
particle movement, but there is no
permanent displacement of the water
molecules.

1 Waves can move either as energy waves
(e.g. sound and ocean waves), or as
particle waves (e.g. a broken surf wave).

1 Bow waves can move as both energy
A plunging bow wave with forward splash waves and/or as particle waves.

© Catchments & Creeks V3, March 2026 Page 10




Critical, subcritical and supercritical flow velocity

Still water
V=0m/s

Supercritical flow conditions

The movement of surface waves

1 Aclassical surface wave observed moving
across still water is an energy wave, which
means that only the
movesd the water surface may move up
and down, but it does not permanently
move horizontally.

1 The driving force for these waves is
gravity.

The wavebds energy i
the pond through the actions of water
pressure.

The movement of waves in flowing water

1 If the same wave energy is released into a
flowing river, then the wave movement will
result from both:

- the movement of the water pressure
- the movement of the water current.

9 If astone is thrown into a flowing river,
then the resulting circular waves will
slowly be carried along the river.

91 If the speed of the pressure wave is
greater that the water velocity, then the
wave can move upstream.

Critical velocity

1 If the water velocity is equal to the speed
of the pressure wave, then the wave
cannot move upstream.

1 When a stone is thrown into water, it
causes the splash point to first fall, then
rise, then fall, then rise, etc.

1 This action continues to form new waves
until friction calms the water surface.

1T However, each Onewbd
upstream, and so a standing wave (or
shock wave) is formed at the splash point.

Supercritical flow

1 If the water velocity is less than the wave
speed, then it is called subcritical.

1 If the water velocity is equal to the wave
speed, then it is called critical velocity.

9 If the water velocity is greater than the
wave speed, it is called supercritical.

1 When a disturbance occurs in supercritical
flow, the resulting wave action will form an
angular shock wave, which is directly
related to the movement of bow waves.

S
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Critical velocity and the speed of causality

The speed of causality

1

f
f
f

The domino effect

il

Water motion linked to critical velocity

The speed of causality is the natural
speed of the primary driving force.

In air, the primary force is the speed of a
pressure wave (i.e. a sound wave).

In space, the speed of causality defines
the speed of light.

At an airi water interface, the primary force
is gravity, which controls the speed of a
pressure wave passing through the water.

The speed of causality of space

The speed of light is the speed of causality
of the media through which the light
travels, which in sp
of non-concentrated quantum forces).

This means that the speed of light is not a
constant, but actually depends on (i) the
velocity of the medi
atmosphere is moving through space),

and (ii) the density of the media.

The speed of causality of air

If an aircraft accelerates through the
sound barrier (i.e. the speed of causality of
air), a shock wave is formed.

This shock wave travels with the plane
because it is constantly being generated
by the plane.

The shock wave will trail behind the plane
in a V-shape if the plane is travelling faster
than the shock (sound) wave, and the

angle of this shock wave becomes more
acute as the planeobs

The speed of causality of air T water

The critical velocity of a fluid is the speed
that an energy Omess
wave (the same thing), can move through
the fluid.

The term o6critical v
the term O6speed of ¢

The difference in how the terms are used

is that a physical object can move through
a fluid at speeds gr
critical velocity, but a pressure wave
cannot move faster than the speed of
causality for that media.

© Catchments & Creeks V3, March 2026 Page 12




The importance of water temperature and viscosity

Water viscosity

1 The viscosity of water influences the
Siiding gate = reaction time of water to an energy
= message.

Denser fluid (sediment-laden) * Lighter fluid (clear water)

H

1 Water viscosity affects the speed that a
water surface can react to changes in
water pressure, as well as the speed of
tmmm these water pressure messages, as in the

v case of internal waves.
| Lighter fluid (clear water) -
Tl The viscosity of water is primariy

governed by the water temperature, but in
freshwater, sediment concentration can
also play a role.

Lock exchange test showing internal wave
The effects of water viscosity on waves

1 In coastal engineering, the viscosity of the
water is often ignored because its effects
on large waves can be minimal.

Tropical waters

1 Inwarm tropical waters, the water surface
can appear to 6dance
faster way than it does in frigid waters (but
not always).

1 Experienced observers should be able to
notice a difference in the movement of
tropical waters compared to arctic waters.

- —— e
—

Dancing tropical waters

Frigid waters

1 Arctic water can be just as choppy as
tropical water, as shown in the image
above, but the effects of viscosity can
often be seen in the
wave crest.

1 Even though the effect can be small, if the
design of a bulbous bow is as sensitive to
boat speed as is suggested by some
authors, then temperature effects should
be included in CFD (Computation Fluid
Dynamic) modelling.

The cold waters of the Shetland Islands
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Subcritical and supercritical ~ water flow

l— Critical depth (y.)

and critical velocity

Hydraulic jump

Supercritical flow ISubcriticaI flow

Introduction

1 Most people are aware that there are two
types of air flow, subsonic and supersonic,
which relates to the speed of sound.

1 The speed of sound is important because
it is the speed of a pressure wave in air.

1 Well, there are also two types of water
flow, subcritical and supercritical, which
relates to the speed of a surface wave.

1 The speed of a surface wave is important
because it is the speed that pressure

Flow conditions on a dam spillway

2 N

S\ VN
xl . mjﬁ'

Subcritical flow in an urban creek (QId)

Critical flow at the crest of a dam spillway

waves can move through water.

Subcritical flow condition

91 During subcritical flow, the elevation of the
water (the flood level) is governed by the
flow conditions that exist downstream of
the point of observation.

1 This means that as floodwaters approach
a coastline, the height of the flood will
eventually become influenced by the tide
conditions into which the waterway is
flowing.

Supercritical flow condition

1 Most people would have observed
supercritical flow by simply watching
stormwater flowing down a roadway.

1 Only on very flat roads will stormwater be
moving at subcritical velocities.

1 Inwaterways, supercritical flow normally
exists only in the steep upper reaches.

9 During supercritical flow, the elevation of
the water, and its flow velocity, will be
governed by the flow conditions that exist
upstream of the point of observation.

Critical flow condition

9 Critical flow is a third flow condition that
exists at the point where stream flows
convert from subcritical to supercritical.

1 Intheory this condition also exists when
flows convert from supercritical to
subcritical, but this particular condition is
so unstable it is difficult to detect.

1 Critical flow may be important to hydraulic
engineers, but it does not play a major role
in creek engineering, or naval architecture.

© Catchments & Creeks
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Subcritical flow travelling down a roadside gutter (kerb & channel)

R

Roadside gully inlet

1 The purpose of a gully inlet is to take
water flow off the roadway at regular
intervals in order to ensure:

- pedestrians can safely cross a road
while it is raining; and

- driving conditions remain safe.

1 So, somehow, the roadside kerb flow must
be encouraged to turn 90-degrees over a
very short distance in order to enter the
gully inlet.

Evidence of supercritical kerb flow

1 Hydraulic messages move through water
as pressure waves, which can normally be
observed by a rise and fall in the water
surface (i.e. as waves).

1  When the flow passes down a kerb, and
hits an irregular surface (e.g. a rough kerb
stone), a shock wave is produced, which
can be observed as 6
on the surface of the water.

1 Because the flow velocity is near-constant,

Photo’suapiied ats & Creeks Py Ltd these shock waves are usually parallel.

Supercritical kerb flow

Lip-in-line Kerb flow moving towards a gully inlet
gullyinlet 1 If the flow passing down a road is
supercritical, then its movement is not
— Kerb controlled by downstream channel
(curb, U.S.) conditions, and it will resist any change of
direction.
— Side-entry
slot inlet T I'f the débased of the
channel) is sloped like the upstream
’-7 Grated section of channel, then the supercritical
gully inlet channel flow will simply travel past the
gully inlet (i.e. no water will want to turn
~—Lip 90-degrees and enter the gully inlet).

FI ow with a o6fl at o

Kerb flow moving towards a tilted gully
inlet

Lip-in-line

gully inlet

T I'f the &ébas e Gpstedm oftlee

gully is aggressively sloped inwards

towards the gully, then the supercritical

Kerb . .

sloped Siioars channel flow will begin to move towards

towards critical the gully before the water even arrives at

the side approach the gully.
inlet d flowis

T So, the slope of the

towards (upstream of the gully) is used to send a

fho gide message to the supercritical flow telling it

inlet . 9 P . 9
that it needs to start moving towards the

gully.

Flow condition if the channel bed is tilted
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Energy conservation in fluid mechanics

Introduction

9 Just like in politics, there are no free
lunches in fluid mechanicsd the more
work you do on the water, the more
energy you will consume.

1 For ships, this energy consumption is
linked to the shipods

1 There are at least four components of a
shipbébs drag:
- form drag (or pressure drag)
- friction
- turbulence
- splash.

The energy consumption involved in
creating turbulence

1 It requires more energy to create turbulent
water than to create smooth-flowing water.

i Boats can create a smooth-water bow
wave, or a turbulent-water bow wave.

1 This type of turbulence is most commonly
associated with a boat travelling through
choppy seas, but turbulence can also be
generated by a bow that forces the
passing water to rapidly change velocity.

Poa ot
FUERE S /¢

Turbulent water (jet wash from jet motor)

The energy consumption involved in
creating splash

1 It requires more energy to create splash
than to create smooth-flowing water.

1 Some pipe outlets use the effects of water
spray (splash) as a means of dissipating
the outflow energy.

1 Unfortunately, towing tanks do not
reproduce the true effects of splash and
turbulence because model scales are
based on viscosity issues, not surface
tension.

BB
PHoto'supplied by Catchments &

The energy consumption involved in
creating waves

9 It requires energy to create any form of
bow wave.

1 Waves are formed by the actions of
pressure, and the application of a
pressure differential requires a force, and
a force applied over a period of time
involves 6worké and

1 However, boat drag can be minimised by
reducing both the wave height, and the
turbulence associated with the waves.

Bow wave

© Catchments & Creeks V3, March 2026 Page 16




Computational Fluid Dynamic (CFD) modelling
Introduction

1 Computational Fluid Dynamic (CFD)
modelling can tell us many things, but it
cannot tell us O6whyo

1 Over my career | have met many people
who believe that CFD modelling is error-
free; that it is a form of modelling that can
be trusted.

1 However, people forget that everything
that goes into a CFCLC
or introduced by a human, and humans
are not perfect.

CFD modelling
The use of hydrostatics in CFD modelling

1 Most of the hydraulic equations that are
used in CFD modelling are based on the
6l aws of hydrostatic

1T These 6l awsd relate
water when it is at rest (hence the term:
hydrostatics).

1 Unfortunately, the laws of hydrostatics
begin to break down when the flow
conditions become unsteady and
turbulent, so errors can creep into the
modelling.

CFD modelling

Incorporating temperature and viscosity
corrections in CFD modelling

1 Water viscosity can play a major role in
the movement of water, the degree of
turbulence, and the level of friction.

1 A major factor affecting water viscosity is
the water temperature.

T Therefore, a boat ds
moves through different water
temperatures.

1 CFD modelling needs to account for these
temperature differences.

CFD modelling of storm conditions

91 During storm events, the bow can
generate significant amounts of splash.

T The energy consumpti
also vary with water temperature.

1 However, if properly calibrated, CFD
modelling should be able to analyse storm
conditions better than a tow tank.

Towing tank (Wikipedia)
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2. Wave Mechanics
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Introduction

Transverse waves

motion

Direction of wave

— =

Bed friction
distorts the o
particle motion <

O
g

Wave mechanics

s

Concentrated energy

Wave length

Concentrated energy

The rate of
concentration

Energy compression waves

Surfing a coastal (broken) wave

-

Types of waves

1

Waves can be either travelling waves or
standing waters.

Standing waves are waves that appear
stationary to an observer, even though
they may be moving relative to the media.

Waves can also be classified as either
energy waves, particle waves, longitudinal
waves and transverse waves.

Waves can travel as a single wave, or as
a set (group) of waves.

The structure of waves

f

Waves normally involve a disturbance
within a given media, or along the
interface between two different forms of
media (e.g. air and water).

Energy waves involve a flow of energy,
with the media not moving with the wave.

Particle waves involve a flow of media
(e.g. water) along with the flow of energy.

The physics involved
two opposing waves depends on the
structure of the waves.

Energy waves

f

Both energy waves and particle waves are
examples of pressure waves.

An energy wave transports only energy,
i.e. there is no permanent movement of
the water.

Examples of energy waves includes:

- gravitational and ocean waves

- electromagnetic waves and light.

Only energy waves can experience
constructive or destructive interference.

Particle waves

1

A particle wave transports energy and
matter.

Examples of particle waves includes:

- coastal (broken) waves

- tsunami waves travelling over land
- weather fronts.

Particle waves cannot experience
constructive or destructive interference.

Once a coastal wave has broken, it cannot
pass through another broken wave.
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Critical velocity and its relationship with wave action
Introduction

1 Asdiscussed in the previous chapter, the
critical velocity of a fluid refers to the
speed of a force or pressure wave.

1 Inwaterengineering, t he term
velocitydé is commonl

1 In aerodynamics, the equivalent term is
the O0speed of soundb®d

1 Inastrophysics, the equivalent term is the
6speed of causality
speed of light.

(@)}

The speed of sound (compression wave)
The critical velocity of water

1 Open channel flow is a special form of
fluid mechanics because it involves an
interface between two different fluids,
usually air and water.

9 This means water flow has two critical
velocities:
- the velocity of a surface wave; and

- the velocity of a compression wave,
such as the speed of sound in water.

Surface waves

L Surface waves

Crest 1 In most circumstances, water can be
treated as an incompressible fluid.

I This means that a change in water
pressure is normally associated with a
change in the effective water depth.

Particle
motion

1 The speed of a wave in shallow water is
given by:

C = (gT/ 2" ).tanh(

Bed friction g
distorts the 5
(@3

particle motion

1 The speed of a wave in deep water:
C = (gT/2"7)

Surface wave terminology
Sound waves

1 Even though water is generally considered
to be incompressible, it should be noted
that all matter is compressible to some
degree.

1 The movement of sound waves through
water relies on the minor compression of
the water in order to carry the longitudinal
compression waves of sound.

1 Itis because the driving force of a sound
wave is different from a surface wave, that
it has a unique speed of causality.

Sound waves in water
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Wave dynamics

| | Blast of air

Effects of a vertical blast of air

ik

IR
Upward water velocity
and momentum

Ll

Rising water level

! !

1

Downward gravitational force

Downward water velocity
and momentum

Ongoing downward movement

Standing waves

A standing wave experiences primarily
vertical movement, with no permanent
horizontal movement (i.e. the wave
appears to the observer to be stationary).

If a blast of air were to be directed
vertically downwards onto a body of still
water, then the water surface below the jet
of air would form a depression, in other
words, a O6trougho.

Rising water level

f

Once the blast of air was stopped, the
water surface would desire to return to its
normal water level.

The speed of this rising phase is a
function of:

- the wave amplitude (a), and the
- the water viscosity.

By the time the water has reached its
normal water level, the rising water would
have obtained an upward velocity and
corresponding momentum.

Crest of the standing wave

f

The momentum lifts the water surface
above the normal water level, while its
upward velocity begins to decline until a
wave crest is formed.

The water surface then begins to fall.

Once again, the water surface accelerates
to a maximum downward velocity, gaining
momentum as it falls.

The speed of this falling water surface is
governed by the wave amplitude and the
water viscosity.

The cycle repeats

il

The water surface rises and falls
repeatedly forming a classic standing
wave pattern.

However, because the water pressures
radiate out in all directions, this central
standing wave will generate additional
circular waves that radiate outwards
across the water surface.

This action is repeated every time an
object, such as a water drop, falls into a
pond of water.
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Generating different types of moving waves

< g

; i "=+ %.  Wave generation

1 Waves can be generated by various
actions, including:

- the action of wind

- the movement of objects across the
water

- wave paddles.

I . & g = 1 At water parks, wave generators can be
7 used to form a variety of waves depending
on how the wave is intended to be used.

—
Wave generation water park

Positive displacement wave

AMovement ) ) ) ]
B Wave direction. T Rapidly 'Iowerlng a large weight mftc_) the
s .S —_— water will typically generate a positive
creen . . .
- displacement wave, which is a type of
= ~ particle wave.
u 1 Being a particle wave, a portion of the
) u water moves with the wave.
Weight "
o Water 1 This type of wave can be used to body
. displacement surf, or catch with a surf board.
’ [
; .

SR T S P N H ey W s S

Positive displacement wave
Wave paddle

1 A wave paddle is usually hinged at the
Movement Wave direction base of the water tank, which means there
is minimal paddle movement and water
displacement at the base of the tank.

WWave 91 This system typically generates energy

waves.

1 Wave paddles are used when it is
desirable for bathers at an artificial beach
to simply move up and down with the
wave action, and not be constantly carried

N R e W T P ) towards the beach.

Wave paddle
Cyclic displacement waves

1 Vertical wave boards can generate a
Movement Wave direction variety of waves depending on the speed
of the driving motor.

1 Atslow speeds, this system will generate
energy waves.

Wave

‘ 1 However, if the forward motion of the

J Wave wave board exceeds the speed of the

board resulting gravity wave, then a positive
‘ displacement wave will be formed.

A]]|

1 In many ways, this system simulates the
CE R SRR E Y SE generation of hull waves.
Cyclic displacement wave
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Generating particle waves

Particle wave

— =

Introduction

1 A wave does not have to be either an
energy wave, or a particle wave, but can
be a combination of both types of waves.

1 Bow waves are usually a combination of
particles waves and energy waves.

1 A pressure wave is just another term used
to describe an energy wave.

1 Innaval architecture it is important to

understand the conditions that allow the
formation of all three types of waves.

The properties of energy waves
Direction of wave q

1
motion
@K
Bed friction O
distorts the g
particle motion il

An energy wave

Wave moves

—_—

Hull wave

A critical factor in the formation of waves
is the speed of causality.

The driving force of an energy wave in
open water is gravity and the speed that
water pressures can be transferred
through the water.

In these conditions, the speed of the
pressure wave becomes the speed of
causality.

The maximum speed of an energy wave is
its speed of causality.

The formation of particle waves

away from the 1
side of the hull

f
Side of
the hull T
displacement f
Bow wave pushed away from the hull
f
il
il

Bow waves

When water flows along a channel, the
driving force is usually gravity, and the
flow represents a particle flow,

independent of the speed of the water.

When water is pushed in a manner that
forms a wave, then technically a particle
wave is formed.

However, if this forward movement is
immediately followed by an equivalent
reversal of movement, such as when
waves are formed by a wave paddle, then
no net horizontal movement occurs, and
the wave is considered to be just an
energy wave.

Further complicating this issue is the
speed of the action (i.e. the speed of the
wave paddle or boat).

If the water is forced to move at a speed
that exceeds the speed of the resulting
pressure wave, then a part of the wave will
accelerate past the lower pressure wave
causing a spilling wave to be formed.

Large boats travelling at their normal
cruising speed typically form combined
energy and particle waves.

© Catchments & Creeks

V3, March 2026

Page 23




3. Bow Waves
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Introduction

Longer wave length hull waves ( blue)

L
Crest
12 swi
a 1
Trough Particle

motion

Bed friction g
distorts the 5
particle motion ©

Wave length

e
Diagonal wave lengt

Effective diagonal
wave speed

wave length

True and diagonal wave length

Bow waves

1 A bow wave is the wave that forms at the
bow of a ship as a consequence of its
movement through the water.

1 Initially, the spread of this bow wave will
define the outer limits of a ship's wake.

1 However, if long waves are generated by
the vessel és hull
faster waves will eventually overtake the
bow wave, and form a wider wake angle.

Controlling factors
1 The size of the bow wave is a function of:
- the speed of the vessel
- its draft
- existing surface waves
- water depth, and
- the shape of the bow.

M The 6sized of a bow
wave height (amplitude) and its length.

1 The region shown in 6 b | higblights the
waves with a longer wave length.

Wave length

1 Some commentators discuss the wave
l ength in terms of
projected onto the hull of the vessel;
however, this is NOT the true wave length.

1 The true wave length is measured along
the direction of travel.

1 Itis necessary to view the bow wave in
6pl an viewb in orde
direction, and the

1 The speed of a bow wave, as measured in
the direction of the wave, is a product of
its wave length.

A fact of geometry

1 Projecting a wave onto the hull of the
vessel is equivalent to cutting a diagonal
through a wave pattern.

Such a diagonal would present a longer
wave length.

T The o6effecti ve obdracion
of this diagonal would be proportional to
this longer diagonal wave length.

1 Consequently, describing the wave speed
in terms of the wave length as projected
onto the hull of a
correct.

t

t

r

6

e

Vv
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Energy conservation
Bernoulli principle:

V?/2g + P/pg + Z = constant

Kinetic energy + Potential energy = Total energy

where:
V = relative speed difference
g = acceleration due to gravity
P = hydraulic pressure
P = water density
Z = datum elevation

Bernoulli equation

i<

A force is applied to the
water through the actions
of water pressure (P)

Water pressure at the bow

:pproximately
height = V*/2g

i<

RAN

Water pressure pushes
water up the leading edge
of the bow

A rising o6columnbd

:pproximately
height = V?/2g

i<

Y

Water pushed to the
side of the boat

Water deflected to the side of the vessel

Introduction

1 The Bernoulli equation tells us that the
total energy (H), ex
water, is a sum of the kinetic energy
(V3 2g) plus the potel
plus the datum height (2).

where:

V = the closing velocity of vessel to water
g = acceleration due to gravity

P = water pressure
} = water
Z = datum height.

density

Energy transfer at the bow of a vessel

9 The Bernoulli equation tells us that the
response of the water at the bow of a boat
will depend on the resulting change in
velocity and direction of the water.

1 Any change in velocity and direction of the
water must be generated by the water
pressure exerted on the water.

1 Itis important to remember that water
pressures act in all directions, not just in
the direction of the vessel.

Water unable to deflect to the side of the

vessel

1 The elevated water pressure that forms in
front of the bow will cause water to rise up
the bow to a height that approximates the
kinetic energy (i.e. velocity head) of the
vessel.

1 In other words, this localised elevation in
the water surface is equivalent to that
required to balance the underlying water
pressure.

H=V¥ 2g = P/}jg (appr

Water deflected to the side of the vessel

1 The elevated water surface that forms at
the bow will be subjected to the force of
gravity.

1 As aresult of gravity, the flow of water that
is pushed up the bow, will eventually fall
back towards the normal water surface,
either:

- forward of the vessel in the form of a
spilling bow wave; or

- to the side of the vessel.

1 As the water falls, it gains momentum,
which it uses to form a wave-trough.
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Combined spilling and energy waves

1 Based on my limited observations, the
most common bow wave is a combination
of a spilling wave and an energy wave.

1 Most vessels are likely to be travelling
faster than the speed of causality of a
pressure wave, which means some of the
deflected water wild.l
energy wave.

1 The energy wave results from the elevated
water pressure at the bow.

Complex bow wave

Energy waves

1 Energy waves are a type of pressure
wave.

T The flow of &éenergyd
wave.

1 Energy waves are formed by the transfer
of energy from the vessel to the water,
and from the water converting this energy
from the kinetic energy of velocity, to the
potential energy of water elevation, and
then back again.

Sete s I : g —— < |

Smooth energy wave

Smooth energy wave Smooth energy wave

© Catchments & Creeks V3, March 2026 Page 27




Types of bow waves

Plunging waves
1 A plunging wave is formed when:

- the rising column of water at the bow is
deflected down the sides of the vessel,
and

- this deflected water is then hit by the
6expandingd sides ¢«
gives the water lateral momentum,
which causes the water to spill away
from the vessel.

T The spilling water p
water forming turbulence.

Spilling waves

1 A spilling bow wave can be formed by two
processes:

- the rising water column at the bow is
pushed forward by the bow at a velocity
that exceeds the speed of causality of
the pressure wave

- the rising water column at the bow is
pushed forward by the rake of the bow.

T This turbulent O6whit
overtake the underlying pressure wave.

Spilling wave

Spilling wave
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Types of bow waves

Splash

1 Splash occurs when the impact of the
vessel on the water is so great that the

released energy is a
atomise) the rising water column causing
spray.

1 The more the water atomises (turns into
splash), the more energy is required.

1 Splash is most commonly associated with
unsteady flow conditions, meaning that the
behaviour of the vessel varies with time,
and/or the water surface is unsteady (i.e.
waves exist on the water surface).

Wave splash

Turbulent surface water

1 When the rising column of water falls back
down to 6normal 6 sea
momentum, which causes the water to
form a trough immediately behind
(downstream of) the crest of the bow
wave.

1 If the shape of the bow is irregular, then
the bow can induce turbulence within the
expanding and contracting water flow.

91 This turbulent water can spill into the
trough formed behind the bow wave crest.

Turbulent surface water

Turbulent surface water Turbulent surface water
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Equi val ent 6bowd waves generated by
s \ i Energy wave

9 Cars driving through shallow water can
generate the same types of waves that the
bow of a ship can generate.

1 If the vehicle is moving slower than the
critical velocity of the water (i.e. its speed
of causality), then a simple energy wave
will be developed.

1 Inideal conditions, a trough will form
adjacent the doors such that the inflow of
water into the cabin is minimised.

Energy wave
Plunging wave

1 A plunging wave is formed when the upper
section of the vehicle hits, and then
projects the water outward at a velocity
that exceeds the speed of a pressure
wave (i.e. the critical velocity of the water).

1 The vehicle needs to be moving faster
than the critical velocity of the water.

Spilling wave

1 If the vehicle is moving faster than the
critical velocity of the water, then its
movement through the water will generate
both:

- an energy wave

- aspilling wave that projects water over
the energy wave at a velocity that
exceeds the speed of the underlying
pressure wave.

1 The spilling wave is either projected
forward, or to the side of the vehicle.

Spilling wave

Splash
1 Splash is formed by either:

- ahigh energy input (i.e. a fast moving
vehicle)

- unsteady flow conditions, typically
generated by the rolling tyres.
1 The vehicle needs to be moving much
faster than the critical velocity of the water.

1 The degree of splash can be affected by
the tread pattern on the tyres.

1 Note: rolling tyres represent a form of

.Splasr; unsteady motion.
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The importance of boat speed on the formation of bow waves

Introduction

1 1do not want to repeat myself over and
over again, but | need to make it perfectly
clear how important the boat speed is to
the formation of the different types of bow
waves.

1 Even the waves produced by cars and
trucks driving across flooded causeways is
governed by the speed of the vehicles.

T I'f the 6édisturbancebod
the reaction speed of the water, then the
disturbance will create turbulence.

The reaction speed of water

1 Some of you would have experienced the
trauma of getting a teenager up and
moving early in the morningd the end
result usually invol

91 Forcing your will onto others usually does
not go smoothly.

1 The same situation exists for waterd water
has its desired reaction speed, which is
directly linked to the speed of causality of
the water bodyd move faster than this
speed, and you create turbulence.

Mr Angry
Boat speed

1T Every time | menti on
really referring to the velocity difference
between the vessel and the water,
whether the water is still, or moving.

91 If the vessel is moving slowly into port,
and it is travelling slower than the speed of
causality of the water (i.e. the reaction
speed, or critical velocity), then the water
surface is usually smooth.

1 If the vessel is moving faster than the
speed of causality, then turbulence and
shock waves will be produced.

Types of bow waves

1 The following types of bow waves were
introduced on the previous pages:

- energy waves (pressure waves), which
dominate at low speeds

- spilling waves, where water is pushed
forward faster thar
speed

- plunging waves, where the water is
pushed sideways faster than the
waterds reaction sy

Spilling bow wave
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Kelvin wake pattern

Introduction

1 The Kelvin wake pattern is a term used to
describe the combined wake of a vessel,
incorporating waves generated by the:

- bulbous bow

- bow

- hull, and the

- vessel ds stern.

1 (The blue highlight identifies the part of the
wave pattern that is currently being
discussed.)

The Kelvin wake pattern

1 Wikipedia (2025) states that the Kelvin
wakeépattern consists
that form the arms of a chevron, V, with
the source of the wake at the vertex of the
V.0

1 Each wake line is offset from the path of
the vessel by an angle which is linked to
the Froude number of
motion through the water.

T The ter m: 6rel ative
both the vessel and the water can be
moving.

Short waves and transverse waves

1 Waves with a shorter wave length are
generated by the bow of the vessel.

1 Transverse waves (stern waves) fill the
space inside of the V (above diagram).

i Each of these transverse waves
resembles an arc of a circle.

9  This part of the pattern was considered by
Lard Kelvin to be independent of the
speed and size of the vessel.

Bow waves
Movement of the longer waves

1 The waves that have a longer wave length
are likely to be generated by the
expanding width of the vessel pushing the
water away from the hull; hence the term
hull wave (as used in this document),

1 The length of these waves depends on the
length of the vessel over which this hull
expansion occurs.

1 Container ships can have a very rapid hull
expansion, while yachts can have a more
gradual expansion, b
still be less than that on a larger vessel.

Longer wave length hull waves
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The generation of both short and long wave  -length bow waves
Introduction

1 The Kelvin wake pattern describes the
situation where a bo
both short wave-length bow waves, and
longer wave-length hull waves.

Bow waves
Shorter wave length waves

1 The shorter wave length waves are
generated by the leading edge of the
vessel.

1 Consequently, these waves are the first
waves to be generated, and they begin the
process of building

Longer wave length waves

1 The longer wave length waves are
typically generated by the shape of the
hull.

1 As the water passes (relative to the
vessel) along the expanding hull, the
water is physically pushed sideways.

9 This action creates a combined energy
wave and particle wave, which eventually
converts into a pure energy wave.

1 These long waves are formed after the
bow waves are formed.

1 Depending on the shape of the hull, these
waves can start out as spilling or plunging
waves.

1 As previously stated, the particle wave
component of these waves will eventually
convert into normal energy waves, after
which their velocity will be governed by
their new wave length.

1 Allthese actions cause a delay in the
process of these waves forming, which
means some time (minutes) can pass
before these longer waves begin to
overtake the shorter bow waves.

Spilling hull waves
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Stern waves formed behind a vessel

Wide (2D) object

Flow lines (stream lines)

Flow under a wide 2D object

Stationary vessel

H Pressure High

pressure
under the
vessel

Flowing
water

Flow under a stationary vessel

Wave crest aligns with the stern

l

f

Strong <_
up-welling :

of flow behind Flowing
the vessel water

Wave crest positioned at the stern

Wave trough aligns with the stern

l
f

Weak <_
up-welling :

of flow behind Flowing
the vessel water

Wave trough positioned at the stern

Introduction

1 Stern waves, referred to as transverse
waves in the Kelvin wake pattern, are
often mixed with the jet wash of the
vessel s propul sion

1 If we studied the fluid mechanics of water
passing under a two-dimensional object
(i.e. an object that is as wide as the
research flume), then we would see that
the displaced flow must eventually rise
back up to the free water surface after
passing under the object.

1 This process can be smooth, or turbulent.

Water pressures under the hull

1 If we now replace the two-dimensional
object with a three-dimensional vessel,
and if we hold the vessel fixed while only
moving the water, then we will obtain
similar results.

I The differences lie in the effects of the
bow waves passing along the side of the
vessel.

=

These bow waves generate high and low
pressure zones both along the sides and
under the hull of the vessel.

Flow conditions if a wave crest exists at
the stern

1 If bow waves cause a wave crest to align
with the stern of the vessel, then there will
be an increased water pressure at the
stern, which would:

- increase the up-welling forces
- increase the resulting turbulence.

1 Water is likely to tumble in behind the
vessel causing the water level to reach
normal water level conditions.

Flow conditions if a wave trough exists at
the stern

1 If bow waves cause a wave trough to align
with the stern of the vessel, then there will
be reduced water pressure, which would:

- reduce the up-welling forces
- reduce the likely turbulence.

1 The water level behind the vessel may be
stable at an elevation less than the normal
water level; however, some water may still
tumble into this local depression in the
water surface.
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Stern waves formed behind a vessel

Turbulent
backflow

Water flow
relative to
the vessel

Flow condition relative to the vessel

The momentum of the up-welling
flow causes the water to form a
wave crest

Turbulent
backflow

o

Effective water
flow relative to
the vessel

°®
®
?

Formation of a wave crest

The force of gravity then plungers
the water back down to form a
trough

Turbulent
/ backflow
Effective wateer3 %
flow relative to <
the vessel

Formation of a wave trough

The merging of wave crests

The up -welling of flows passing under the
vessel

1 If we again consider the case of a
stationary vessel with water flow passing
under the vessel (as on the previous
page), then we can see the up-flow of
water behind the vessel.

The formation of a wave crest behind the
vessel

1 If this up-flow has sufficient energy, then
the rising water will build momentum as it
rises, which will carry the water above the
mean water level, thus forming a wave
crest.

The formation of a subsequent wave
trough

1 Asis the case for all surface waves, the
force of gravity will eventually carry the
water back down towards the mean water
level.

1 However, once again the water will build
momentum, which will carry the water
below the mean water level, eventually
forming a trough.

1 And so the process continues, forming
wave crests and troughs.

The alignment of the various wave crests

1 Behind the vessel, the crests of the two
bow waves, and the crest of the stern
wave will merge (because the water does
not want to maintain a discontinuity in the
water surface).

1 Consequently, stern waves can bend (as
shown in this image) because the bow
waves will have a different forward velocity
compared to the centre of the stern
waves.
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