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Orkney Science Festival - 2008 
   
Hot Air Balloon Challenge for P7 pupils 
 
Teacher's Notes 
 
This event, which is to be held in Kirkwall on Saturday 6th September 2008, 
has been designed to enthuse groups of Primary Seven pupils with the challenge 
of understanding some basic principles of physics.    It also makes it clear to them 
that success comes through teamwork and attention to detail.  Where there are 
small numbers of P7 pupils then P6 pupils can complete the team. 
 
The balloon design is well proven, having been used with Moray schools for a 
number of years as the basis of an event at RAF Lossiemouth and also last year at 
the Highland Science Festival   If the appended instructions are followed carefully, a 
balloon can be constructed within a week of “spare” time activity by a small group of 
P6/P7 pupils.   In order to keep transport costs as low as possible, three pupils 
and one teacher will form the competing teams who attend the 
competition.  Schools can enter up to three teams.  
 
The balloons are very cheap to produce and it may be that the school will decide to 
build a number as a class exercise and have an internal selection process to decide 
which team(s) will represent their school at the competition.   It is suggested that 
working teams should have no more than six pupils building each balloon. 
 
If you do not have 40 sheets of tissue paper readily to hand for the Challenge 
balloon, one pack per school can be purchased from the organisers for £10 including 
packing and postage.  Please order by e-mail to the contact address below and we 
will invoice you after the event. 
 
Teams may wish to obtain sponsorship for their balloon to pay for materials or to 
raise funds for another project.   The name of the sponsor or a simple logo can be 
made from lightweight tissue and stuck to the balloon as decoration. (Keep it light!) 
 
The competition will take place inside a large hall in Kirkwall, which will be selected 
depending on the number of entries and could last for about two hours.  The current 
plan is to start the competition at 10:30 am and to run two streams of schools and 
fly two balloons at the same time.  Each team will get three flights to find the team 
that produces the longest flight time.   The winning prizes will include three 
remotely controlled miniature helicopters.  There will also be a school prize and a 
prize for the best decorated balloon. 
 
The temperature in the building may be “cool” so warm clothing is advised.   No 
food will be on offer but space will be set aside for teams to devour their own 
packed lunches.  
 
If your school would like to enter the competition please send an e-mail to 
us with the school name and the name of the contact teacher. 
 
Orkney Science Festival Balloon Challenge  - Contact details 
For further and later information refer to:   http://www.goingnova.org 
 
e-mail contact:   bill@goingnova.org 

http://www.goingnova.org/


Orkney Science Festival 
   
Hot Air Balloon Challenge for P7 pupils 
 
Some areas where the project links to the 5-14 Environmental Studies 
Curriculum 
  
Science 

Understanding Energy and Forces  
  Forms and Sources of energy 

Gas, oil, electricity (How do we heat the air?) 
Properties and use of energy 
Use of thermometer (temperature / density) 
Difference between heat and temperature 

 
Conversion and Transfer of Energy  
Burn fuel directly in the balloon basket 
Or fuel to steam, to electricity, to hot wires, to hot air  
 
Forces and their Effects  
Force of gravity 
Balance (stability?) 
Effect of wind force on balloon (drag)  
Thrust from jet engine 
Streamlining of aircraft  

 
Technology 

Design and manufacturing process 
Investigate shape (volume versus surface area (= weight)) 
Select materials 
Shape of gores 
Construction of gore pattern  

Properties of materials  
Weight, strength, fire resistance, weather resistance, colour 

Practical skills  
Use of patterns, tools, methods of assembly, safety  

Effectiveness of design  
                      Testing prototype and competitive version  
 
Social Subjects  

Organising economic structures 
Teamwork, skill matching 
Revenue raising, advertising  

 
Information technology  

Design of gores using the computer to print designs 
 
Mathematics 

Volumes, areas, volume/area, volume/weight 
Areas of gores times number of gores (counting squares) 
Angles of gores (top angle, included angle) 



Building a Hot Air Balloon for the Orkney Science Festival Challenge 

  

Introduction  

The following instructions are for the construction of a model hot air balloon 
approximately 1.4 metres in diameter and made from craft quality tissue paper. The 
balloon was designed for Science Festival competitions between teams of P7 pupils 
(age 9 - 11) from Primary schools in Highland and Moray regions. With a suitably 
large interior space, flight times in excess of one minute are possible when the air 
is heated with a 2.5 kW fan heater. Much longer flights are possible outside.  

Please note that when flown outside these balloons are subject to the regulations 
prescribed by the Air Navigation Orders. This means that they cannot be flown 
inside controlled air space without permission of the authorities. In particular, you 
should be aware that airfields are surrounded by control zones, which exist down to 
ground level for many miles from the runway.  

Each balloon is made from 12 segments called “gores” which are glued together at 
the edges with “Pritt Stick”. Each gore is cut from three sheets of tissue paper 50cm 
by 75 cm glued together along their shorter edges. If two different colours are 
used, the balloon will be assembled to look like those in the photograph below. 
(Drawings of balloons might be coloured by school pupils for introductory work.)  

  

A pattern kit should contain the following materials:  

1. This set of instructions  

2. A set of 8 A4 drawings to make a gore pattern  

3. One sheet of card printed with the basket pattern  

4. Sixteen plastic paper clips 

 

To construct a balloon you will also require 36 sheets of tissue paper, 18 each of 
two different colours, sixteen plastic paper clips, scissors, a length of cotton, Pritt 
Stick dry adhesive, and Sellotape.   You will also need a long table 2.0 - 2.5 metres 
long.  You may wish to have two spare tissue sheets of each colour as spares. 

  

There are five stages to building the balloon:  

1. Make up the gore pattern 

2. Join the tissue sheets in 12 sets of three 

3. Fold the tissue, stack and cut the gores 

4. Glue the gores together 

5. Make the “basket” and fix to the balloon 

  

General  

The principle of making a gore is to fold the long tissue strip along its length, lay 
the straight edge of the gore pattern down the fold line, then cut along the curved 
edge. As you cut through both layers of tissue, when the tissue is unfolded it is the 



correct “symmetrical” shape.  

You can cut the gores one at a time or make a stack of three, six or even twelve 
gores, and cut them all together. This makes them all the same shape, and if you 
stack the tissues in alternate colours, the stack is ready for gluing. You do this by 
gluing each gore to the next along its edge only. When the fully joined stack is 
“shaken out”, the balloon takes up its spherical shape. You might like to have a 
practice by building a test balloon from newspaper or other tissue. 

 

 1) Make up the gore pattern.  

First you will need to print out the eight gore pattern parts on good quality A4 
paper. Joining together the eight pattern parts from A to H and cutting to shape 
then makes the gore pattern. You might think that it is a good idea to photocopy 
the pattern sheets as a spare before you start.  

  

First cut each sheet along the dotted lines.  

 

Then cut down the straight edge of the pattern (ie the left hand side as you read 
the text).  

  

Then cut down the curved side, making sure that you cut to the outer of the two 
lines.  

  

The gap between the inside line and the outside just shows where you will put the 
glue when you join the gores together.  

  

When you cut out the sheet “Pattern Part H”, make sure that you cut accurately 
around the little tab that sticks up at the top. On the gores, this will be used to seal 
the top of the balloon.  

  

Having now prepared the eight sheets you must join them together along the 
shorter edges using Pritt Stick. Start with the sheet called “Pattern Part A” and lay it 
on a table.  

  

Put Pritt Stick along the top where it says “Put glue along this line”.  

  

Lay the bottom edge of “Pattern Part B” so that it lines up with the solid line 
marked “Join Part B to this line”. Make sure that the two side edges line up before 
pressing down to make the joint.  

  

Now with Parts A and B joined together you can add “Pattern Part C” and the other  

parts in the same way until you have the finished pattern. You might now want to 
check, by laying out the gore pattern on the table, that it has been assembled in 



the correct order.  

  

2) Joining up the sheets of tissue paper  

This bit is not too difficult, but you have to choose how you are going to arrange 
the colours. There are three sheets to each gore, and twenty sheets of each of two 
colours. You only need 36 sheets for 12 gores, but you should ensure that you have 
two spare sheets of each colour. 

  

You can make each gore from three sheets of the same colour, and build the gore 
stack from gores of alternate colours, or you might wish to swop the colours in the 
centres of adjacent gores to make a chess-board effect. After choosing your colour 
pattern, the sheets of tissue are glued together in sets of three.  

  

Place one sheet of tissue on the table and run a substantial line of Pritt Stick along 
one of the short edges. Next place the short edge of the next sheet along this glue 
line, allowing an overlap of about 1 cm. Do not overlap much more or much less 
than this or your gore strips may be short or weak.  

  

Lightly press down along the glue line, being very careful not to tear the weak 
tissue paper with sticky fingers. If you do get sticky, wash and dry your hands 
before handling more tissue paper.  

  

Now you can glue the third sheet to the first two in the same way, then lay the strip 
of three aside to dry and carry on with the remaining eleven gores. 

  

3) Making gores using the pattern 

  

The easiest way is to make all 12 gores at once, but if you think that this is too 
many to cut accurately perhaps you could make six or three or only one at a time.  

  

Fold your first set of three tissue papers length-wise and when you are sure it is 
aligned run your finger down the fold to firm it.  

  

Lay this strip along the table and fold the next gore in the same way.  

  

Place each new strip on top of the previous one with the new edge carefully lined 
up with the previous ones, and making sure that the ends line up too.  

  

When you have all twelve (or six or three) laid up, place the gore pattern on top 
with the straight edge set on top of the folded edges of the tissue. Make sure that 
the pattern is fully over the tissue at the top and bottom of the gore.  

  



Fix plastic paper clips every 20 cm or so along the length of the straight edge, 
holding all of the tissue and the pattern together.  

  

Cut most of the waste away to within about 3cm from the pattern, then carefully 
cut the tissue stack along the outside edge of the pattern. Make sure that you cut 
right across at the top and bottom. Trim up the edge if required.  

  

You can now remove the paper clips and lay the pattern aside.  

  

The gore stack is now ready for gluing together.  

  

4) Gluing the gores together  

The next bit is like making Christmas decorations, but on a large scale. You have to 
glue each gore to the next one, but without sticking its own two edges together. 
The last two edges (on the top and bottom of the stack) are glued together on the 
other side of the hinge line; thus making the full circle.  

  

Open up the first gore and place it on the table with the faces of the tissue which 
were inside the folded gore face down.  

  

Open out the next gore and place it nearby the first, this time with the faces which 
were folded together facing upwards.  

  

Run a line of Pritt Sick along one edge of the first gore, but not along the base edge 
of the balloon! This is where the hole will be to let the hot air in.  

Fold the top gore closed back along the fold line and then add the next gore in the 
same way.  

  

Carry on this way until all twelve gores are glued, checking that all the folded edges 
are on top of each other as you go. Take care not to glue all the tabs at the top of 
the balloon into one. As you move up the structure keep running a finger along 
inside each gore to make sure that they are not sticking to the one below. 

  

To join the first and last gores together you need to unfold the last gore to meet the 
edge of the bottom one on the other side of the centre line, and glue them 
together. 

  

When all is dry, you can re-fold the stack so that it has one open gore on the 
bottom, five closed on each side, and one open on the top, ie it is arranged 
symmetrically. 

  

Now you can apply some glue to the tab bit on the top and fold it over on itself to 



form a seal. You can trim the bottom edge to a straight edge.  

  

You have finished construction of the balloon envelope. You can store it flat, or roll 
it up starting from the top.  

  

If you like, or if you have a sponsor, you can glue some advertising on the side.  

  

5) Adding the basket  

  

You can design and make your own basket, or build it from card using the pattern 
supplied, and suspend it by cotton threads from the lower edge of the balloon. Use 
Sellotape to fix the threads to the balloon and the basket. You may have to add 
some Bluetack to the basket to keep the balloon the right way up when it flies. As a 
guide the basket should weigh between 10 and 20 grams. The lighter you make it, 
the better the duration of flight, but the more likely it is for the balloon to turn 
upside down, and loose all the hot air. Getting the weight right is part of the 
challenge of flying the balloon.  

  

If you would like to test your balloon you can supply hot air from a powerful hair 
dryer or a domestic fan heater. Take care to avoid damage when handling the tissue 
and re-folding after use.  

 

Example of a finished balloon 

 

 



The pattern used to cut the gores The shape of a gore when unfolded

Fold line

Part H

Part G

Part F

Part E

Part D

Part C

Part B

Part A



Cut along dotted line

Cut across at this line
Bottom of the balloon

Pattern Part A

Join Part B edge to this line

Put glue along this tab

Glue to next gore
along this edge



Cut along dotted line

Cut across at this line

Pattern Part B

Join Part C edge to this line

Put glue along this tab

Glue to next gore
along this edge



Cut along dotted line

Cut across at this line

Pattern Part C

Join Part D edge to this line

Put glue along this tab

Glue to next gore
along this edge



Cut along dotted line

Cut across at this line

Pattern Part D

Join Part E edge to this line

Put glue along this tab

Glue to next gore
along this edge



Cut along dotted line

Cut across at this line

Pattern Part E

Join Part F edge to this line

Put glue along this tab

Glue to next gore
along this edge



Cut along dotted line

Cut across at this line

Pattern Part F

Join Part G edge to this line

Put glue along this tab

Glue to next gore
along this edge



Cut across at this line

Pattern Part G

Join Part H edge to this line

Put glue along this tab

Glue to next gore
along this edge

Cut along dotted line



Cut across at this line

Pattern Part H

Put glue along this tab
Join to other gores
and roll up after building

Glue to next gore
along this edge



Fold along herePierce for twine
after construction

Glue these flaps

Cut along dotted line

Suggested design for balloon basket



Connect with paperclip through eyes in shrouds.
                                                                 See below.

Sellotape shrouds to every other joint
(6 shrouds in total).

Connect shroud to each corner
of the basket (4 in total).

Make balloon shrouds from three
60 cm lengths of twine.
Bind necks together to form an eye.

Bind necks together to form an eye.

Make basket shrouds from two
25 cm lengths of twine.


