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The aim of this document is to give students the opportunity to do calculations
relating to the circumference of circles of different radii and investigate the
geometry and design of propellers in a marine environment - and make a propeller
themselves.




PART 1 : Distance travelled by a point of the blade of a propeller during
one full revolution ( turn ) of the propeller.

Specifications :

Diameter of one of the propellers of the Air Warfare Destroyer :
------ > 4.65 metres

Question 1:

Calculate in metres the length of the path of a point ( point A )at the tip of a
blade ( maximum radius ) when the propeller makes one full turn.
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Calculate in metres the length of the path of a point ( point B ), located at
a radius that is 60 % of the value of the maximum radius of the propeller,

when the propeller makes one full turn.

What do you observe ?
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PART 2 : Calculations on Linear Speed. Cavitation phenomenon.

Specifications :

The maximum rotational speed of the propellers of the Air Warfare

Destroyer is around 170 revolutions per minute ( RPM ).
This means that every minute that passes by, all the physical points on

the propeller do 170 turns around the centre of the propeller.

Question 3:

Find out how many turns have been made by one of the propellers during a
one hour time span.
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Question 4:

Use the results you found in Questions 1) and 2) to calculate the total
distance travelled by point A and point B during one hour.
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Question 5:

The results you found in question 4) are in metres per hour.
Transform them into km / h.
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What do you think of the speed of the tip of a blade ( point A) ? W
Did you expect it to be so high ?

You see then that from a STEM point of view ( Science, Technology,
Engineering and Mathematics), you cannot gain this knowledge without
thinking, and doing relevant calculations.

This is what engineering is all about : getting the hard facts and

knowledge to be able to make informed decisions.




CExtension on CAVITATION )

WHAT IS CAVITATION ?

Have you ever stood waist high in water and pushed your hands very hard

and fast downwards ? If done properly, your hands leave a hollow behind
( A bubble that takes maybe 1/4 of a second to collapse on itself ), and you

can feel a shockwave as the water hits the back of your hand.

Cavitation is very much like this : as a propeller turns in the water faster
and faster, it creates a zone of low pressure on some surfaces of the
blades. The only difference with the previous example is that the collapsing
bubble was filled with air whereas the bubbles in the cavitation process are
really vacuum bubbles collapsing on themselves under the pressure of the
water surrounding them.

Also, the example with the hands is a " one off event " whereas the
cavitation process happens all the time if the linear speed of points of the
propeller is high enough.

This constant collapsing of the cavitation bubbles sends shockwaves on
the surface of the blades and can damage the propeller.

Also, a cavitating propeller is very noisy in the water and can be easily
detected. This is the reason why submarine propellers in particular are

engineered to produce as little noise as possible.
( See movie " The hunt for Red October " with Sean Connery).
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(Now it's your turn to think !

Question 6:

Which point ( A or B ) is likely to cavitate first ? Justify your answer
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(Question 7 5 \

Cavitation is less likely to happen with a high external pressure in water
rather than with a low pressure. In other words, it is less easy for

cavitation bubbles to form when the water presses harder on the
propeller.

Static pressure in water is a function of the depth. Roughly speaking,
every time you go down 10 meters in the water, the pressure goes up by
1 ( one ) atmosphere.

7 a) Knowing that the propeller is 4.65 m in diameter, calculate the
difference of static water pressure between the top and the bottom of the

ropeller.
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Question 7 b)

Which point, top or bottom of the propeller, is likely to cavitate first ?
Justify your answer.
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(PART 3 : BUILD YOUR OWN PROPELLER! )

This propeller has been built by using 5 mm thick Balsa wood.
It has a diameter of 90 mm ( 9 cm ), this way you can use the whole

width of the balsa plank.

The different parts were cut on a laser cutter, so if you have one at
school maybe you could use it. However, it is quite possible with
patience and care to cut the parts by hand with a scalpel.

Be of course very careful as it is very easy to cut deep in your hand with
any sharp tool.

The mounting axle is made out of a 10 mm wooden dowel.

A

@ere is the full size pattern : )
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