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Undergraduate: Mathematics — Jobs: Research intern at PhD: Scholarship by University

University of Cambridge DAMPT, Cambridge of Bristol




Aerospace Engineering —understanding aeromechanics and how to build systems
for controlling flight; from planes to space shuttles

Civil Engineering —improving the built environment we live in; from buildings to
transport networks and even our water supply

Engineering Design — learning how to solve problems creatively and lead complex
engineering projects

Engineering Mathematics —using mathematical and data modelling to solve real-
world problems in areas like social media or climate change

Mechanical Engineering —how materials behave and what we can use them for;
from making better batteries to building robots

Electrical and Electronic Engineering — gaining skills to work in industries such as
consumer electronics, alternative energy and transport

Computer Science —using algorithms and programming, seeing how humans and
computers interact; from networks to cybersecurity
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https://www.bristol.ac.uk/study/undergraduate/2024/aerospace/beng-aerospace-engineering/
https://www.bristol.ac.uk/study/undergraduate/2024/civil-engineering/beng-civil-engineering/
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https://www.bristol.ac.uk/study/undergraduate/2024/mechanical-engineering/beng-mechanical-engineering/
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Year 1 - First-year students studying Aerospace Engineering, Civil Engineering, Mechanical Engineering,
Mechanical and Electrical Engineering, and Engineering Design all start their degree with a broad knowledge
of the fundamentals and a command of the skills that underpin modern engineering.

Year 2 - Second year students continue to cover the fundamental principles of mechanical engineering.
Teaching is delivered via lectures, seminars, laboratories, design classes and short projects in modelling and
manufacturing.

Year 3 - In your third year you will apply the principles you have learnt to real, complex engineering
applications. A major element is the open-ended individual research project, which requires independent and
creative thinking.

A- level standard offer - A*AA including A*A (in any order) in Mathematics and any one of Physics, Chemistry,
Further Mathematics, Computer Science, or Electronics
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Here’s what we’ll talk about today

« Understand what fluid mechanics is
* Look at some applications of fluid mechanics

« To understand that there are different types of
flows
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Here’s what we’ll talk about today

« Understand what fluid mechanics is
* Look at some applications of fluid mechanics

« To understand that there are different types of
flows

« Understand why fluid mechanics is important
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« Laminar flow: type of fluid (gas or liquid) flow in which the fluid
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Fluid - any substance with no fixed shape that flows or deforms under
stress. These can be a gas, liquid, or plasma.

Fluid mechanics — the study of the behavior of liquids and gases, and
particularly the forces that they produce.

Flow - the movement of fluids.

Flow can be either laminar, turbulent, or transitional.
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travels smoothly or in regular paths.
« Turbulent flow: type of flow in which the fluid undergoes irregular
fluctuations and mixing.




Key definitions

Fluid - any substance with no fixed shape that flows or deforms under
stress. These can be a gas, liquid, or plasma.

Fluid mechanics — the study of the behavior of liquids and gases, and
particularly the forces that they produce.

Flow - the movement of fluids.

Flow can be either laminar, turbulent, or transitional.
« Laminar flow: type of fluid (gas or liquid) flow in which the fluid
travels smoothly or in regular paths.
« Turbulent flow: type of flow in which the fluid undergoes irregular
fluctuations and mixing.
« Transitional flow: type of flow that is a mixture of laminar and
turbulent flow
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Reynold’s number

Reynolds number: a number that helps predict flow patterns in
different fluid flow situations.

* A high Reynolds number (greater than 4000) flow tends
to be turbulent.

* Alow Reynolds number (lower than 2100) flow tends to
be dominated by laminar flow.

* A Reynolds number between 2100 and 4000
corresponds to transitional flow.

The Reynolds number is a dimensionless quantity which can
be calculated using the formula below

Re = vl _ vl
il v
Where:
v = Velocity of the fluid
| = The characteritics length, the chord width of an airfoil
o = The density of the fluid
I = The dynamic viscosity of the fluid

1 = The kinematic viscosity of the fluid
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Turbulent flow (Re greater than 4000)




Laminar flow experiment
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Laminar flow experiment

« This experiment works because of laminar

flow!

« This is an example of a low Reynolds LAMINAR FLOW
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Laminar flow experiment

« This experiment works because of laminar
flow!

« This is an example of a low Reynolds
number laminar flow, which means there
are many parallel layers of the liquid.

« As the smaller cup is rotated, the dyes
remain within their original layers.

e As the crank is turned backward, the
process is inverted.
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TURBULENT FLOW
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Laminar flow experiment

« This experiment works because of laminar
flow!

« This is an example of a low Reynolds
number laminar flow, which means there
are many parallel layers of the liquid.

« As the smaller cup is rotated, the dyes
remain within their original layers.

e As the crank is turned backward, the
process is inverted.

 Since there is no turbulence in this laminar
flow, the process can be inverted almost
perfectly!

LAMINAR FLOW

TURBULENT FLOW




Can anyone think of any examples of fluid
mechanics In action?
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Here are a few examples:




Here are a few examples:

‘ Water coming out of a tap
11111 W

@=» Cars moving through traffic |

11111111 94

E Pattern formation in boiling liquids (Rayleigh—Bénard convection - Wikipedia)

I

_z"' The motion of people in crowds

T B <

* Somerset Starling Murmurations | Bristol Nature Channel (youtube.com)



https://en.wikipedia.org/wiki/Rayleigh%E2%80%93B%C3%A9nard_convection
https://www.youtube.com/watch?v=671EqblujFg

LAMINAR FLOW

Now let’s classify these
flows into laminar,
TURBULENT FLOW

=S turbulent or transitional
R—




What is shown In this image?
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Where does Fluid mechanics
nuclear energy generation?

CONTROL [EJHOT COOLANT
RODS

STEAM

Waste disposal

RADIATION
SHIELDING

PRESSURE
VESSEL J

TO ELECTRICITY
GENERATOR

HEAT

EXCHANGER
WATER
CIRCULATOR

Spent fuel storage
. WATER

GRAPHITE =]
MODERATOR

FUEL | 1~ S =
RODS C‘/

el

L

COOL COOLANT|

come Into

Mining and Milling

4
“r\

! ! » Conversion

NUCLEAR
FUEL CYCLE

Enrichment

\ 4

4 .

COOLANT M

PUMP Electricity generation g Fuel fabrication
i ¢ -



Support the Guardian

Fund independent journalism with £5 per month

Supportus —

News Opinion Sport Culture Lifestyle More v

Environment » Climate crisis Wildlife Energy Pollution
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Revealed: Sellafield nuclear site has leak
that could pose risk to public
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prersindn Revealed: Sellafield nuclear site has leak
that could pose risk to public

8 September 2023

UK and Japan partnership to develop new technologies for
nuclear waste disposal



Support the Guardian

Fund independent journalism with £5 per month

South Holderness area considered
e e for radioactive waste disposal

Environment » Climate crisis Wildlife Energy Pollution

ey, oS | | Dismantling Sellafield:
Revealed: Sellafield nuclear site hasleak  ° o -
that could pose risk to public | the eplC taSk Of Shuttlng
s September 2023 down a nuclear site

UK and Japan partnership to develop new technologies for

nuclear waste disposal Nothing is produced at Sellafield anymore.
But making safe what is left behind is an
almost unimaginably expensive and
complex task that requires us to think not on
a human timescale, but a planetary one

by Samanth Subramanian
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Support the Guardian

Fund independent journalism with £5 per month

South Holderness area considered
e e for radioactive waste disposal

Environment » Climate crisis Wildlife Energy Pollution

25 January

Nuclear Leaks © This article is more than 1 month old
Energy industry

 Dismantling Sellafield:

Revealed: Sellafield nuclear site has leak

that could pose risk to public | the epiC taSk Of Shutting
® September 2023 down a nuclear site

UK and Japan partnership to develop new technologies for

nuclear waste disposal Nothing is produced at Sellafield anymore.
But making safe what is left behind is an

1 3 almost unimaginably expensive and
croat!a.n pM pro m Ises safe n u CIear wa Ste Stor complex task that requires us to think not on
Sceptl cis a human timescale, but a planetary one
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By David Spaic-Kovacic | EURACTIV.hr © Est. 3mil S! CM] Nuclear Waste Is Piling Up. Here's How to Fix the Problem

Content-Type: News I

OCTOBER 18,2023 | 5 MIN READ

Nuclear Waste Is Piling Up. Here’s How to Fix the

Prohlem
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My research

« Currently there are plans to build a nuclear
waste storage facility underground.
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My research

« Currently there are plans to build a nuclear
waste storage facility underground.

* The problem is nuclear waste produces
hydrogen gas.
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My research

« Currently there are plans to build a nuclear
waste storage facility underground.

* The problem is nuclear waste produces
hydrogen gas.

* This poses a safety risk as hydrogen can be
explosive.
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My research

« Currently there are plans to build a nuclear
waste storage facility underground.

* The problem is nuclear waste produces
hydrogen gas.

* This poses a safety risk as hydrogen can be
explosive.

« This hydrogen gas flows out of the waste
packages.
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My research

« Currently there are plans to build a nuclear

waste storage facility underground. R STIO  eey
{SWL 12t  mec—

* The problem is nuclear waste produces
hydrogen gas.

* This poses a safety risk as hydrogen can be
explosive.

« This hydrogen gas flows out of the waste
packages.

* My research looks at how this hydrogen
collects and how we can reduce the
explosion risk.
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Modeling hydrogen accumulatio

The Navier-stokes equation can help
describe the motion of Fluids so can be
used to create some models

NNENENEESS o



Modeling hydrogen accumulatio

The Navier-stokes equation can help
describe the motion of Fluids so can be
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Modeling hydrogen accumulatio

The Navier-stokes equation can help
describe the motion of Fluids so can be
used to create some models

—

(ﬂt + (u- Fju) —Vp + uV?u -

This equation however has not been
solved In three dimensions!
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Modeling hydrogen accumulatio

The Navier-stokes equation can help
describe the motion of Fluids so can be
used to create some models

a—}
(ﬂt + (u- l?'ju) = —Vp+ uV?u-

This equation however has not been
solved In three dimensions!

So we need some engineering
assumptions to make it useful.



Modeling hydrogen accumulation)/’); )Y

The Navier-stokes equation can help \ 4
describe the motion of Fluids so can be
used to create some models

The person who can solve the
= equation or show it cannot be
solved will be given a reward of

=y (u-"Mu)= —Vp+uV?u- $1,000,000 by the Clay
a t Mathematics institution. ‘
This equation however has not been -

solved in three dimensions!

So we need some engineering
assumptions to make it useful.
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Why is the Reynold’s number useful?
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Why is the Reynold’s number useful?

The Navier-stokes equation can be non-dimensionalised to get

fie (Stz?* Fu” - ?*“*) = —V*p" + uV*=u’
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Why is the Reynold’s number useful?

The Navier-stokes equation can be non-dimensionalised to get

ou’
ot*

where

pUL/p.
L/UT.

Reynolds number Re

Strouhal number Sr
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What happens when the Reynolds
number is small?

fie (St o T ?*u*) = V" + puVi’
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What happens when the Reynolds
number is small?
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What happens when the Reynolds
number iIs large?

ou”
ot*

Now we can solve these simpler equations
to create some models!
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What happens when the Reynolds
number iIs large?

ou’ .
ot

Re (St

Now we can solve these simpler equations
to create some models!
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An example
of a model

0.4

0.35

0.3
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Which of these scenarios can the
Navier stokes equation model?
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Weather
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eather

Wind v
femparature
Clogds, rala «
Waven »
Snow

Sressure
L2 o) : ALTITUDE 3
TomcTow Tus 20 Wed 21 y " Mon 20 Tue 27 Thu 29 1 3 St 3




The design of aircraft wings
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The design of aircraft wings




Motion of a single bacteria
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Motion of a single bacteria

No- The Navier-Stokes equations cannot compensate
for the physical model of the flow at very small scales
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Ocean flow
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Ocean flow
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Between the North sea and Baltic sea
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Between the North sea and Baltic sea
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Between the North sea and Baltic sea

No- the density of these two seas is different
so the Navier-stokes equation cannot be used
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Thank you!

Please complete this evaluation form >>>

General UoB queries (including Engineering
admissions info):

Further Engineering info:
* https://www.bristol.ac.uk/engineering
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