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	Measuring boat speed - KS3 engineering

	
	
	

	Time the journeys of different shaped boats and present the results

                                                          

	Subject(s):  Science, Mathematics, Design & Technology 
Approx time: 45 mins 
	
	Key words / Topics: 
· aerodynamics
· hydrodynamics
· bar charts
· categoric variables
· investigation 



	Suggested Learning Outcomes
	
	

	· To explain why a bar chart should be used to display categoric variables

· To evaluate an experiment in terms of its reliability and precision

· To apply scientific and mathematical understanding to an engineering context 



	Introduction
	
	

	This activity considers displaying data from a practical investigation looking at the effect of streamlining a boats hull. 

Students will be asked to consider how this information can be represented effectively and use this to form conclusions. The reliability of their results will then be discussed.

	
	
	

	Activity
	
	Teacher notes

	Use the test rig (see resources) to test several different shaped boats. Measure the time taken for each boat to travel a set distance. 

Students to record results.

Ask the students to discuss the fact that there is no measurable independent variable as it is very difficult to quantify the hull shape in terms of numbers.

Pose the question to the students, 

‘How are you going to represent these results graphically?’ 

Discuss

· How to make the test more reliable?

· Why this improves the reliability?

· How to decide how many times to repeat it?

· What a suitable range of results is (for the same boat)?

· To explain why a bar chart should be used to display categoric variables 

· When does a result become anomalous?

If time is available, complete investigation by repeating tests. Discuss the sorts of errors that might occur in the collection of results.

Students to plot results into a bar graph. 

This could be used as part of an advertising campaign to sell the boat which could include

· Design 

· Bar Chart 

· Brief conclusion i.e. “This boat is faster” or “This boat is Xm/s faster than the rest”

· Explanation as to why the results are trustworthy (reliable/accurate)

There is also an opportunity to use data logging equipment as well as light gates to further reduce errors in this engineering activity.

Further discussion could be had by looking at the results from the previous investigation, ‘testing aerodynamics. Are there any differences in the best shapes? Discuss why this might be.
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  Test Tank Set Up (Instructions)
This will provide an opportunity to explain when a bar chart rather than a line graph is used.

One key answer: To make results more reliable you should repeat the test.
In reality, the experiment should be repeated until the transit times are ‘concordant’, i.e. within a certain range. 

The teacher carrying out the activity will need to estimate the range for concordance based on the test tank. This could be done by completing around 10 test runs prior to the lesson and observing the range.
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It may be difficult to come up with any qualitative conclusions, as there is no measurable independent variable. A conclusion should be based on the area of contact of the hull with the water and the angle of attack of the hull. Scientific knowledge is based around overcoming the interaction between the water particles to force them apart - drag.

	
	
	

	Differentiation
	
	

	Basic
	
	Extension

	Pose question “How would we draw a bar chart for this investigation?” instead of question shown. Then ask why could we now draw a scatter graph etc.
	
	Calculate speed (s=d/t), and the mean speed for each boat (taking into account the anomalous results

Less structure to the discussion. 

What could we measure to draw a line graph and find the optimal hull design?

If time is available, students could manufacture and test their own designs and include them within the analysis. However, for a full class, the time necessary for cutting and shaping, then queuing time to use the vacuum former and cutting the shape from the sheet, then testing may take 2-3 hours.



	
	
	

	Resources
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  Test Tank Set Up (Instructions)
The construction is a fairly simple activity and can be undertaken by your KS3 students (as an after school activity or by a technician)

· Boat objects 

· Stop Watch 

· Graph Paper
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  Test Tank Set Up (Instructions)



	
	
	

	

	
	
	

	Related activities (to build a full lesson)
	
	

	Starters (Options)

· FILM: Skeleton Bob

· ACTIVITY: Aerodynamic forces

· ACTIVITY: Aerodynamic design
· ACTIVITY: Aerodynamics Timeline 
· ACTIVITY: Streamlined shapes
Main (Options)

· ACTIVITY: What Makes a Fast Boat?
· ACTIVITY: CAD engineer
· ACTIVITY: Speedy Boats
· ACTIVITY: Presenting Speedy Boats results
· ACTIVITY: Investigating Wind Turbines
· ACTIVITY: Renewable energy debate
	Extension (Options)

· ACTIVITY: Wind Tunnel Testing  
Plenary

· GAME: Science Friction

· Opportunities within activity for presentations, peer/self assessment

· Reflection on Objectives and PLTS skills used
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	· The story Skeleton Bob

· How it works? The Concept
· Who makes it work?  Kristan Bromley
· Who makes it work?  Richard Bromley
· Who makes it work?  Dan Fleetcroft
· Who makes it work?  Shelley Rudman


	
	
	


	Curriculum links and PLTS

	England

Science 

·  KS3 3b, 3c, 3d, 3e
Design & Technology 

·  KS3 3c
Maths 

·  KS3 1a, 1e, 1g, 2a, 2c, 2g, 3a, 4a, 4l, 6a, 6j, 9a, 9b 
GCSE

AQA Engineering

3.4.3 Aerodynamics

AQA Physics

4.5.6.1.1, 4.5.6.1.2, 4.5.6.1.3, 4.5.6.1.4
Edexcel 9-1 Physics

1.1, 2.4, 2.5, 2.6, 2.7, 2.11

Eduqas Physics

4.1d, 4.1e 

OCR Gateway Science Physics A

PM2.1i, PM2.1ii, PM2.1b, PM2.1e, P2.1g

OCR Twenty first century science Physics B

4.2

AQA Mathematics

N2, N10, N13, A14, R1, S2, S4
Edexcel 9-1 Mathematics

N2, N10, N13, A14, R1, S2, S4
Eduqas Mathematics

FN2, HN2; FN10, HN10; FN13, HN13; FA13, HA14; FR1, HR1; FS3, HS3, FS4, HS5
OCR Mathematics

1.01a, 2.02a, 2.02b, 2.02c, 10.01a, 10.01b, 7.04a, 12.02a, 12.02b

	Northern Ireland

Technology & Design

· Design – identifying problems; investigating, generating, developing, modelling and evaluating design proposals; giving consideration to form, function and safety

(Objective 1) Developing pupils as Individuals

· Mutual Understanding

Learning Outcomes

· research and manage information effectively to investigate design issues, using Mathematics and ICT where appropriate;

· communicate effectively in oral, visual (including graphic), written, mathematical and ICT formats showing clear awareness of audience and purpose.

	Scotland

Technologies
· TCH 3-15a
	Wales

Design & Technology 

· 5.7

	
	


	Assessment opportunities

	

	
	
	

	Personal, learning & thinking skills (PLTS)

	>   Independent Enquirer




