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	Maths behind a heating system

	
	
	

	Calculate the lengths of pipe required for an underground heating system



	Subject(s):  Science, Design & Technology, Mathematics
Approx time: 60-90 mins
	
	Key words / Topics: 

· area
· forming equations
· scale-drawing
· algebra
· sustainable
· energy
· heat

	Suggested Learning Outcomes
	
	

	· To be able to describe the operation of a sustainable underfloor heating system
· To create and apply mathematical formulae in a practical context

	

	Introduction
	
	

	The ‘Green School’ scheme of work allows students to investigate environmental issues in the context of the design and operation of a new school. 



	Purpose

	In this activity, students are required to apply their mathematical understanding of formulae and problem solving. They will calculate the lengths of pipes used as part of an underground heating system. This will also include a brief explanation of how a sustainable underfloor heating system operates.

This can be effectively taught within mathematics or within Design & Technology, as part of resistant materials or product design.

	
	
	

	Activity
	
	Teacher notes

	Show the students ’Underground Pipes (presentation)’, Slide 1.  Ask them what the pipes could be used for. 

Discuss the possibilities then explain that it shows pipes that were laid beneath the surface of the playground at Howe Dell School. The finished playground is shown in Powerpoint Slide 2.

Show slide 3 of the powerpoint and allow students the time to read it. This shows information from the engineering company that carried out the work. Explain the principle of this form of underfloor heating.

Show Slide 1 again. What mathematical questions can students ask about this picture? 

Students will need to measure the size of their school playground – depending upon the measuring resources available, they may need to work as a group to do this. They .should then be asked to estimate the total length of pipe required to cover their own school playground. They should state the assumptions that they need to make to calculate this figure. 

Students should choose their own methods to estimate the total length of pipe required. Encourage them all to reflect as they work, to think about their method and how they can generalise.

What if the playground were a different size? Can you find a formula to estimate the total length of pipe required? 
	
	The Green School film on the IET website could be used to provide a general context for the lesson.

Common answers include drainage, watering, undersoil heating.

It is important to stress that this is a sustainable form of energy. In effect, it is a form of solar power – energy from the sun heats the playground surface. The water in the pipes adsorbs this energy (as heat) and transports it to a Thermal Bank. This is a large mound of earth used to store the heat energy.  In the winter months, cool water is pumped through the Thermal Bank and adsorbs energy from it – this water can then be used to heat the school. As no ‘fuel’ is needed for the heating, this can be thought of as ‘free energy’.

This should include the total length of piping required. 

Assumptions should include:

· the diameter (width) of the pipe [which could be nominally stated as 25mm]

· the separation between adjacent pipes [which could be stated as a minimum of 50, 75 or 100 mm]

· the ends of pipes can be bent at 90 degrees without manufacturing issues

· the playground is a rectangle, that corners are straight rather than curved

· pipes are laid right to the edges of the playground

· pipes are laid in straight lines with parallel rows

The total length of pipe is dependent upon the value chosen for the distance between pipes and the assumptions made. For example, assuming 25 mm diameter pipes are laid right up to the perimeter of the playground, that pipes ‘bend’ at right angles, and that the distance between pipes is 75cm, then if dimensions of the rectangular playground in metres are a and b, the total length in metres is ab + a. the +a represents the turnaround (1/2 a at each side). Note that this does not include pipes to supply or take the water away though

An algebraic proof for pipes laid mostly horizontally and pipes laid mostly vertically should be possible for students of this age and ability.

	
	
	

	Differentiation
	
	

	Basic
	
	Extension

	Weaker students could use scale drawing to calculate the length of pipe needed.

A proportion of the assumptions included in the teacher’s notes could be shared with the pupils, depending upon their abilities.
	
	In reality the pipes do not bend at right angles. What is the total length of pipe for your playground if you assume the ‘bends’ are semi-circles? What percentage error did assuming the pipes bent at right angles give?

Students could investigate if the total length changes if you lay them in horizontal rows, or in other ways, e.g. a ‘spiral’ that has right angles. If so, how? If not, how can you be certain that what you are claiming is correct? 

This work could also be extended in science to calculate the heat energy collected and the ratio between the volume of waterflow and the change in temperature of the thermal bank.

	
	
	

	Resources
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 Green School film
·     Projector/Whiteboard

·     Measuring equipment e.g. tape measures or trundle 
    wheels
·     Squared paper
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 Underground Pipes (Presentation)

	Additional websites
	
	

	· Thermal Banks: http://www.icax.co.uk/thermalbank.html


	Related activities (to build a full lesson)
	
	

	Prior Work (Optional)

· Introduction to graphing
Starters (Options)

· VIDEO: Green School

· ACTIVITY: Circular Economy
	Main (Options)

· ACTIVITY: Recycling
· ACTIVITY: Maths behind a heating system
Plenary

· Presenting their findings to the class

	
	
	

	The Engineering Context    [image: image6.png]




	· The story Green School
· How it works? Intraseasonal Heat Transfer (IHT)
· Who makes it work? Chani Leahong

	
	
	

	Curriculum links and PLTS

	England

Design & Technology 

· KS3 3b, 3d
Mathematics

· KS3 1a, 1b, 1g, 2d, 2f, 3a, 3c, 4a, 4d, 4l, 4o
	Northern Ireland

Technology & Design
(Objective 1) Developing pupils as Individuals
· Mutual understanding

(Objective 2) Developing pupils as Contributors to Society
· Explore technical inventions and designs that have met a social need cost-effectively

· Ethical awareness

(Objective 3) Developing pupils as Contributors to the Economy and the Environment
· Education for Sustainable Development

	Scotland

Technologies
· TCH 3-01a, TCH 3-02a
	Wales

Design & Technology

· 3.1, 3.3

	GCSE D&T

AQA D&T

· 3.1.2
Edexcel D&T

· 1.3
Eduqas D&T

· 2.1 Core: 3

OCR D&T

· 3.2
	GCSE Engineering

AQA Engineering

· 3.1.3

	GCSE Mathematics
AQA Mathematics
· A1, A6, N14

Edexcel Mathematics

· A1, A6, N14
Eduqas Mathematics
· FA1, FA6, FN14

OCR Mathematics

· 3.01b, 6.01a

	

	
	

	Assessment opportunities

	· APP – Algebra; Shape and Space

	
	
	

	Personal, learning & thinking skills (PLTS)

	>    Creative thinker
>   Independent enquirer




