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Learning: The Treasure Within
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. life long education

. scientific and technological literacy

. relevance

meaningful learning

constructivism

Perking, David, The many faces of
constructivism, Educational Leader-
ship, vol. 1, 1999,

Process skills

. science challenge
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Fuels for the future

Which fuel is best? — Comparing fuels

A

Fuels are substances that we burn so that they transfer thermal energy (heat).

When fuels burn they react with oxygen. This oxygen usually comes from the

atr.

fuels + oxygen — combustion products®* + energy

{* The combustion products are usually carbon dioxide and/or water plus smaller amounts ol
other oxides, "Combustion” is another word for ‘burning’.)

We can use the energy that is transferred when fuels burn to cook food to heat
water or to keep the insides of buildings warm. We can also use the energy from
burning fuels to produce movement, ¢.g. in vehicle engines or to produce the
steam for the turbines which drive the generators in power stations.

The table below gives some information about some commonly used fuels.
Which of these fuels is best depends on what we want to use the fuel for. In
vehicle engines, for example, the fuel is burned inside the engine itself, so they
need fuels that are gases (or liquids that can easily be turned into gases) and that
produce only gases when they burn. It should be easy to carry quite a lot of fuel
on a vehicle so that it can travel a long way without re-fuelling and when the
vehicle needs to be re-fuelled this should also be easy.

solid, liquid

or pas

(at 20°C)

combustion
products

how the fuel
is stored

C
cost
(ki

nergy/
gram
lojoules)

“low _
in a tank “low 46
_iinatank 7 :;wnrloderate - M43
! | in cylinders at very high low 56
. ! pressure or as a liquid at |
methane | gas | gases in qu at very high s
(natural gas) \ | pressure (but can be
E supplied to users, as they
| uge it, through pipes)
petrol liquid T; gases 1] in ‘ fow 50
propane (liquid . inoinders as s liquid - | ,
petroleun gas) || 825 gases (under moderate pressure) 16
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wood - i solid gases + ash . in a heap 30
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[Activity 1: tespretingdata T " T 7]

1 Draw a bar graph of the energy transferred when 1 gram of each fuel is
burnt. Arrange the fuels in order on your bar graph, starting with the fuel that
transfers most energy per gram.

2 (a} How does the energy transferred by burning 1g of hydrogen compare
with the energy transferred by burning 1g of petrol?

(b} How does the energy transferred by burning 1g of coal compare with
the energy transferred by burning 1g of wood?

3 Decide each of the following, giving your reasons in each case:

(a) Which two fuels are most appropriate for vehicle engines?
Which other fuels could be used?

(b). Which fuel is most appropriate for space rockets. (Space rockets cost a
very large amount of money to build and it is important to keep the mass as
low as possible).

OOOGOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO\&\

(c) Why natural gas, if it is available, is a popular fuel for heating and
cooking in homes.

B

(d) Why coal is a suitable fuel for power stations.

4 What other factors, besides those shown in the table, do you think are
important when choosing a fuel?

]
. . L oae = vy e s . . X
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Comiparing the energy fransferred when fuels burn

To compare the energy transferred when different liquid fuels burn, you can
burn them in the same burner and use them to heat up the same volume of cold
water in the same container by the same number of °C.

£ SORNG———, "0’ )30 ) o
] “—ii —r
, drinkcan R
ormetal bottle”

measured volurne
of waler
(ey, 200 cm'’ = 200g)

Wik

liquiicd fuet

Activity 2: Making measurements

Measure out the cold water and pour it into the can.
Note the temperature of the water.
Fill the burner half full with fuel and weigh it.

Place the burner under the can and light it.

Stir the water gently with the thermometer and check the temperature every
30 seconds or so.

When the temperature of the water is about 50°C blow out the burner flame.
Continue to stir the water until the temperature stops rising. Note the
highest temperature.

2 S & O &

a &

® Weigh the burner + the remaining fuel.

how to work out your results

Burning 1.15g of fuel X increased the
temperature of the water by 33°C

B T e e So burning 1g of fuel X would raise the
R — temperature by 33 + 1.15 = 29°C.
terfxperatwurﬂ:eofﬁwatt_er at ?fld__w__ iy Which fuel gives the biggest temperature

temperahmep_f water atstart | rise when 1g is burned?

rise in temperature of water
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Fuels for the Future — Teacher’'s Notes

Introduction

In this module, students are asked to:

® extract and apply data about a range of fuels presented in tabular form;

® devise and carry out tests to compare the energy transferred when the same
mass of each of a range of fuels is burned;

® suggest why simple methods of comparing the energy transferred when
different fuels burn are not very accurate ways of measuring the energy
transferred;

® evaluate more accurate ways of obtaining energy measurements.

Scientific & technological concepts

fuels;

combustion products;
solids/liquids/ gases;
energy transfers;
joules;

kilojoules.

Teaching approaches

In this module students begin by comparing a range of properties of a number of
fuels in order to evaluate the suitability of those fuels for a range of different
uses. They then devise an experiment to compare the energy transferred when 1
gram of a fuel burns and carry out the experiment on at least two different fuels.
Students are shown how to use the results of their experiments to calculate the
amount of energy transferred and asked to suggest why their results give much
lower figures than the accepted values. Finally students are given details of more
accurate ways of measuring the energy transferred when fuels burn and asked to
explain why these methods are more accurate.

Notes on the activities

Pages 1, 2: Which fuel is best. This activity can be done as an individual
activity (e.g. for homework) but is better done as a small group activity so that
students can discuss — and defend - their judgements.

Though petrol and diesel are the most convenient fuels for vehicles, any of the
gases can be {and have been) used. LPG is the most convenient of these since it
can be liquefied by moderate pressure at ordinary temperatures.

‘Other’ relevant factors include cost and the extent to which the combustion
products pollute the atmosphere. With fuels for vehicles, the number of miles per
gallon, how easily the engine starts and the safety of the stored fuel in case of
accident are all relevant factors.



Page 3: Comparing the energy transferred when fuels burn. Students should
discuss, in small groups and/or as a whole class:

@ the details of how they intend to carry out their tests;
® how they intend to record their measurements and work out their results;

before they are given the relevant worksheet.

This experiment is very much more satisfactory with liquid fuels (or with butane
which is supplied as a liquid in small pressurised canisters). Solid fuels are
generally difficult to ignite and /or to keep alight in small quantities, though a
candle could be used if desired.

The most suitable liquid fuels to use are diesel fuel (or paraffin/kerosene, which
is very similar) and ethanol {or methylated spirit, which is mostly ethanol).
Petrol is too flammable to be safe. Ethanol and butane are deliberately not
included in the table in the first section of this module so that students do not
have prior knowledge of the expected outcome of their investigations. {Butane
transfers very nearly the same amount of energy per gram of fuel bunt as
propane does.)

Page 4: Measuring the energy transferred when fuels burn. Typically, only
25%-50% of the energy transferred when a fuel burns is transferred to water
using the simple apparatus likely to be suggested by students (and shown on the
worksheet). The higher figure is most likely to be obtained using a metal
container (rather than a glass container) for the water, suspending or clamping
the container over the flame (rather than using a tripod and gauze) and in
draught-free conditions (possibly using a wind-shield).

Energy is ‘lost’ because the container itself (and the tripod + gauze, if used) are
also heated and because much of the energy from the burning fuel is transferred
to the surrounding air (mainly because the hot gases from the flame rise due to
convection). Furthermore, jess flarnmable fuels such as diesel do not burn
completely using a burner with a wick (the very smoky flame, for example,
being due to unburnt carbon).

These various losses don’t matter so much when comparing fuels, because they
will be more or less the same for all fuels tested under the same conditions. If,
however, one fuel is a lot smokier than another or takes a lot longer to heat up
the water then proportionally more energy will be ‘lost’.

The two more accurate methods shown in Activity 4 give better results because
very little energy is ‘lost’ to the surrounding air. Quite a lot of energy is,
however, transferred to the apparatus as well as to the water so it is important to
know how much energy it takes to heat up the apparatus by 1°C. Using oxygen
under pressure in the ‘bomb’ calorimeter ensures that the fuel burns completely.
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if the nails get wet
they will go rusty

(§j7 OOOOOOOOOOOOOOOOOOOOOOOOOOOODOOOOOOOOQ\
\\‘
- .
N
»‘\
§

%

)
i i A8 Cprany uua_;_._,og,%a

They will not rust if
you keep them cold
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Rusting

They will not rust if
they are completely
underwater

They will go rusty
quickly if they touch
other rusty nails

A
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There is a difference
between acids in food
and acids in the
environment

V
)

If oranges contain
citric acid, why don't
they poison you?

They are poisonous,
but the acid is not
concentrated enough
to be harmful

Not all acids are
poisonous

Acidic Oranges

© S Naylor and B Keogh
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Why don’t the hills
dissclve in the acidg
rain?

The rain is too \

cold to dissolve
the rock If the hills are made

of chalk they will

N

£y

V \ dissolve

The rock is too hard
to dissolve

N

(¢’

{r

Acid Rain
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Materials world

Do materials matter?

A new mini-museumn is to be created specifically to help children appreciate
the wealth of materials that exist, their origins, their properties and uses.
You have been appointed to develop this new venture and produce
activities and information that will interest and motivate children to learn
more about materials in the world about them.

The first part of your task

® Brainstorm the range of materials that you know.

s You mav wish to do this using sub-headings for different categories.
® Brainstorm the range of properties that materials might possess.

® Select a range of materials from each category that vou wish to exhibit in
vour museum.

The tollowing checklist may help you.

= Try and provide a range of very different materials for a variety of purposes.

You will not be able to include every material vou know.
# You may wish to £IVe YOUT Musewm a pa rticular theme to aid selection of
the materials,

# Think about whether some materials or objects would be safe to display if
voung, children visit the museum.

s
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The second part of your task
m Plan how you wish to organise the various sections of the museun.

» lan the type of resources and mformation needed for each exhibit,

You may wish to consider some of the followig:
s different types of the basic materials

3 where it is found; how it is processed

# the properties it has; what it is used for

< practical activities to demonstrate any of Lhese - taking safety into account
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# use of computers to enhance vour work

% what resources are needed.

G,

The third part of your task
® Prepare an action flow chart for vour project.
Gather the resources needed and produce the exhibits for your museum.

® Set up your museunt.

OIS Gaaaly dabiohg O R
m

® You may wish to produce a worksheet for visitors to complete.

A el

b

The fourth part of your task
® Open your museum to visitors.

# Evaluate how successful your museum is.

Your work will be assessed on the folfowing:

VFAY O Brojlad gy iyl

# the selection of materials chosen

. the quality and clarity of the information provided

# the quality and appropriateness of the hands-on activities
# the overall attractiveness of the exhibits

w0 the evatuations of the children using the museum.



Materials world: teacher guidance

Introduction and organisation

The size of the museum and the number of exhibits will depend on the space available and
on the number of pupils involved in the project. It will be more meaningful for the able
pupils if the museum exhibits are visited by a range of pupils - perhaps it could be set up
in the school hall for different classes to visit during a whole day.

National Curriculum references

* 5c3.0a to compare everyday materials and objects on the basis of their material
properties - inctuding hardness, strength, flexibility and magnetic behaviour and to relate
these properties to everyday uses of the materials

» 5c3.1b that some materials are better thermal insulatars than others

* Sc3.1c that some materials are better electrical conductors than others

* Breadth of Study 2b recognise that there are hazards in ... materials ... and assess risks
and take action to reduce risks to themselves and others

Depending on the pupils’ choice of materials, other parts of the programme of study
relating to materials and their properties might be appropriate.

Required prior knowledge for the pupils

* knowledge of a wide range of materials; properties of malerials and ways of testing
them

* origins of materials and production processes

¢ how to produce a tlow chart of actions to deliver a project

Required prior knowledge for the teacher

+ all the above
* apportunitics for displaying the finished exhibits and arranging trial by other pupils

Expected outcomes

A range of exhibits that provide knowledge about materials and opportunities for first-
hand experiences to further the development of knowledge.

Learning objectives

Pupils will have:

* increased knowledge of the properties, origins and uses of a range of materials
* improved their presentation skills

Pupils are abile to:

o use scientific terminology effectively,

* demonstrate creativity in the selection and presentation of the exhibits,

¢ rescarch for the appropriate information and use iICT to present their ideas

Sipe |
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Materials world: teacher guidance

Pitstops
I Discuss the breadth of brainstormed ideas, identify if any categories are missing, such
as fabrics, rocks - maybe suggest some staple food materials such as grains.

Ensure that the list of properties is thorough (see NC guidance) and particularly relevant
to the materials listed.

Ensure the materials selected meef with the spatial/ display opportunities you have
selected,

1 Review plan for exhibits - is there a good balance of factual information and hands on
activity? Are the various exhibits interlinked, or are they discrete experiences? Have the
pupils thought carefully about resourcing the activities? Have they considered any safety
imphcations? (Either the objects or the materials from which they are made may be
hazardous - for instance, sharp, toxic, easy to swallow. Young children put everything in
their mouths ~ and other orifices.) Would any of the display materials need Lo be locked
away when not in use?

Ensure the pupils are fully aware of the space available for their exhibits,

Fue  Discuss pupil evaluation of the exhibits — what did they feel worked well? Did they
identify issues for development?

Evaluate success of the project against provided criteria.

Provide feedback to pupils and identify issues for future improvement.

Resources

* sources of materials and reference materials if pupils unable to provide their own

* display materials/ facilities

Health and safety

Ensure that any hands-on activities follow safety guidelines - especially tests for strength
of materials. See Be safe! (most sections).

Timing

This will depend on the scale of the museum, the number of exhibits and the number of
pupils involved in the activity. Allow | hour for brainstorming, selection, first pitstop
activity and the beginning of planning the exhibits.

Sipe 2
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