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INTRODUCTION



WHAT IS A FLUID? FIRST, WHAT IS MATTER?
Solid: Fixed shape and volume, 
and very hard to deform

Liquid: No fixed shape but has 
fixed volume and easy to deform

Gas: No fixed shape or volume, and 
easy to deform



TEST: ARE CATS SOLID OR LIQUID?

Cats maintain a 
fixed shape

Cats adopt the shape of 
the container

Answer: Both



WHAT IS A FLUID?
• A fluid is a substance which has no fixed 

shape and can be made to flow when acted 
on by forces. 

• Covers both liquids and gases 

• “Fluid dynamics” refers to the motion of 
fluids in general  

• “Hydrodynamics” refers to the motion of liquids 

• “Aerodynamics” to the motion of gases



FLUID DYNAMICS

• The flow of fluid is central to many important 
effects, from nature to technology, and from the 
everyday to the extraordinary 

• The beauty and awe of fluid flow in nature has 
intrigued scientists for millennia 

• Often the fluid dynamics itself is hidden, but the 
consequence is visible 

• Some examples of fluid flow in action…



EXAMPLE: TRUMP’S BOUFFANT



EXAMPLE: BEER



EXAMPLE: BLOOD FLOW



EXAMPLE: TOILETS



EXAMPLE: WIND



THE FLOW CAN BE VERY COMPLEX
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EXAMPLE: CLOUD PATTERNS

Kelvin-Helmholtz cloud pattern



EXAMPLE: MORE CLOUD PATTERNS

von Karman vortex street



EXAMPLE: AERODYNAMICS OF DOGS 



EXAMPLE: SPORT



EXAMPLE: FLIGHT





EXAMPLE: GALAXIES



IMPORTANCE OF FLUIDS
• Fluids arise across huge ranges of lengthscales, 

from within biological cells up to galaxies 
• Fluid flow is vital to nature and life, e.g. blood 

flow & respiration. 
• Fluid dynamics is responsible for the formation 

of our planet and its atmosphere 
• Fluid dynamics is important in industry and 

technology, e.g.  
• aircraft and missiles 
• food and chemical industry 
• wind farms  
• vehicles 
• sport 
• ……



FLUIDS BY ANALOGY
• Other substances (solids, granules, electricity,…)  can 

also flow like fluids



• Some solid-like substances can flow on long enough 
timescales

Flow of glass over time

FLUIDS BY ANALOGY



• Some substances can flow on long enough timescales

Trinity College Dublin, 1944+Queensland, 1930+

THE GREAT TAR RACE

www.thetenthwatch.com/feed/

FLUIDS BY ANALOGY

http://www.thetenthwatch.com/feed/


 

MORE COMPLEX FLUIDS I
@u

@t
+ (u ·r)u� ⌫r2

u+rP = (M ·r)H+
1

2
r⇥ (M⇥H)

http://www.thetenthwatch.com/feed/


 

MORE COMPLEX FLUIDS II
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TRICKS FOR VISUALISING FLOWS



TRICKS FOR VISUALISING FLOWS



TRICKS FOR VISUALISING FLOWS



TRICKS FOR VISUALISING FLOWS



TRICKS FOR VISUALISING FLOWS



1. PRELIMINARIES



OVERVIEW
• Introduce the fundamental concepts and 

governing equations of fluid dynamics.   

• Use them to study important types of flows.   

• Ideas from Vector Calculus, e.g. line integrals & 
integral theorems, will be used. 

• To simplify things, we will ignore viscosity, the 
friction that occurs within fluids  

• Along the way we still study fluid motion in 
situations relevant to nature and engineering



CONTACT
• Room 2.09A, Herschel Building 

• Email queries to 
andrew.baggaley@ncl.ac.uk 

• Office hours:  
• Tuesday 1000-1100 

• Sessions: 
• Monday 0900, CA Herschel Building 

• Tuesday 1500-1700, BEDB.G.04.LT1



SESSIONS

• Lectures will follow the Lecture Notes but with additional 
comments and  asides, and worked exercises.   

• Problem classes will go through more exercises.  

• In the optional Drop-In sessions you can work through the 
assignments or example questions, with me on hand to 
give assistance.  You can also ask about general course 
material.  

• Revision lectures will go through a sample exam paper.



ASSESSMENT

• Assignment 1 (2.5%)  
• Deadline Thursday 1500, week 5 

• Test (10%) 
• Tuesday 1600, week 7 
• See your individual timetable 

• Assignment 2 (2.5%)  
• Deadline Thursday 1500, week 11 

• Exam (85%)                          



LATE WORK POLICY

It is not possible to extend submission deadlines for 
coursework in this module and no late work can be 
accepted. The module contains one or more in-course 
tests that cannot be rescheduled. For details of the policy 
(including procedures in the event of illness etc.) please 
look at the School web site:                    
http://www.ncl.ac.uk/maths/students/resources/late-
missed/ 

http://www.ncl.ac.uk/maths/students/resources/late-missed/
http://www.ncl.ac.uk/maths/students/resources/late-missed/


COURSE MATERIAL
• Lectures will be a version of the Lecture Notes, but with extra 

comments and asides. 

• The Lecture notes may contain more material than we cover in 
the course. 

• Core information is highlighted in shaded boxes in the Notes. 
• Lectures are ReCapped. 

• A series of worked examples are the backbone of the course.  
These solutions will be provided on the visualiser and available 
through recap.  

• All other material, e.g. lecture notes, assignments and 
solutions, etc, will be available on course webpage.  

• Supplementary Exercises released with each chapter.



COURSE MATERIAL

 Recommended approach:  
• Follow the theory as I go through it on the slides. 

• Copy down worked examples (on your own paper).  



READING LIST

The Lecture Notes should be comprehensive, but other 
recommended resources are: 

• Elementary Fluid Dynamics, D. Acheson, Clarendon 
Press (1990) 

• Fluid Mechanics, P. Kundu and I. M. Cohen (2008) 

• FYFD Fluid Dynamics Blog



2. INTRODUCTION
The aims of this chapter are to: 
• Introduce what fluids are and why we would want to 

study them. 
• Introduce physical dimensions and units. 
• Revise Cartesian and cylindrical polar coordinates 
• Revise the concept of density and pressure. 
• Introduce the continuum approximation.



• Do not confuse physical dimensions with geometrical 
dimensions, e.g. 1D, 2D & 3D spaces 

• Some quantities, e.g. the number of seats in this room, are 
just numbers, termed dimensionless quantities 

• We denote units using square brackets.  For example, 
    is read as “the unit of x is metres”. 

2.4 DIMENSIONS AND UNITS 
-WHAT ARE DIMENSIONS & UNITS?

• What units should we use?  How do we convert between 
units?  Here we will establish some rules.

A physical dimension is a fundamental physical variable (without 
any specification of value), for example, length and time.  We 
quote the value of a physical dimensions in units, for example, 
metres and seconds.

[x ] = m



• By default we use SI units (metres, seconds & 
kilograms)  

• But we can use other units when it is more 
convenient, such as years. 

• We should always quote units (where appropriate - 
see next slide), otherwise the information is 
incomplete. 

2.4 DIMENSIONS AND UNITS 
-WHAT ARE DIMENSIONS & UNITS?



When to use units? 

• For many mathematical questions, we choose to ignore units as 
we are more concerned with getting some general numerical 
answer. This distinction should be clear in the question. 

2.4 DIMENSIONS AND UNITS 
-WHAT ARE DIMENSIONS & UNITS?

• Example: An object, initially at rest, is subjected to a uniform 
acceleration a=10 m/s2 for 5 seconds. What distance is travelled? 

                                    Answer: Numerical with units 

• Example: An object which is initially at rest is subjected to a uniform 
acceleration a=10  for time t=5. What distance is travelled? 

                                    Answer: Numerical with no units 

(Similarly, if no numbers are given, the answer would be algebraic, 
in other words, in the form of an equation)



2.4 DIMENSIONS & UNITS 
- WHAT ARE DIMENSIONS & UNITS?

From the basic dimensions of mass, length and time we can 
construct all of the other dimensions used in this module, for 
example, speed, acceleration and density.  The same is true for 
their units. 

Example: 

Speed is length divided by time, so it has dimensions of: 

and units of 

length

time

[speed ] =
[length]

[time]
=
m

s



2.4 DIMENSIONS & UNITS 
- WHAT ARE DIMENSIONS & UNITS?

Example: Acceleration is speed divided by time, so it has dimensions of: 

and units of  

[acceleration] =
[length]

[time]2
=
m

s2

speed

time
=
length

time2

mass

volume
=
mass

length3

[density ] =
[mass]

[length]3
=
kg

m3

Example: Density ρ is mass divided by volume, so it has dimensions of: 

and units of:


