Physics II






Name: _____________________

Boat Stuff

Part I: Do this as a group (one set of answers per group)
1.
Find your boat's CdA.  The drag equation is Fdrag = 0.5ρCdAv2.  As with paper our paper rockets, your boat's CdA (when loaded) is the best indicator of how efficiently it slices through the water.  If you have not already done so, perform the necessary test and calculations to determine your boat's CdA.  Show/explain your methods.
2.
Human occupant stability test.  Choose one person to be your boat's example occupant.  Decide how that person will sit when he/she is occupying the boat.  Find that person's center of mass in that position and determine the height of that center of mass from the floor of your boat.  

a.  Explain how you found your occupant's center of mass.  

b.  In order to test your model boat's stability, how far off the model's floor should your test weight's center of mass be located?

c.  In order to accurately reflect your occupant's mass, what should be the mass of your test weight?  [scale your occupant's mass down to 1/512 its actual value]


d.  You have been told that, for your model, lengths should be scaled to 1/8 and masses should be scaled to 1/512.  Why 1/512????  Why shouldn't masses be scaled by a factor of 1/8.

Answer the following experimentally:

3.
Does a square block of wood have more drag when it travels "corner forward" or "edge forward?"  

4.
If a boat that is propelled by a constant force will accelerate until it reaches a terminal velocity. Why does the boat reach terminal velocity?  What factors determine this terminal velocity?
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Part II:  Practice Problems and Questions (each individual turn in a set of answers)
1.
When a boat is pulled by a falling weight, the boat's terminal velocity is 3m/s.  The mass of the falling weight is 1kg.    


a.  What force of drag is acting on the boat when it reaches terminal velocity?


b.  What is the boat's CdA?


b.  If the boat's cross-sectional area is 0.2m2What is the boat's drag coefficient?

The shapes below represent four boat hull cross-sections.  The diagrams represent boats with their tops facing upward.  

2.
For each hull cross-section shape, tell whether that shape would result in a boat that is "tippy" or stable when the boat is empty.  For each boat, do your best to explain why the boat is tippy or stable when empty.
3.
Assess the stability of each boat when it is loaded so that the waterline is near the top of the boat.  For each boat, tell whether it is tippy or stable, and do your best to explain why.
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4.
A pontoon boat is made by covering a frame of solid metal bars with a skin of thin plastic.  As shown in the diagram, the two pontoons have cross-sections that are half-squares, with corners pointing downward.  Each dark line in the diagram represents one metal bar segment.  If the metal bars have a mass/length ratio of 2kg/m and the plastic mass is negligible, how deep does the boat sink when it is floating without any load?
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5.
A "boat" has a square floor and four sides of equal height.  The boat is made of plywood with a mass/area ratio of 15kg/m^2.  The width of the boat's bottom is X, and heights of the boat's sides are X/5.  When a 70kg passenger is in the boat, water rises half-way up the sides of the boat.     How wide is the boat?

6.
When you paddle your boat, it wobbles left and right.  When you stop paddling, instead of coasting in a straight line, your boat veers randomly to one side or the other.  You can fix this by adding a keel or a fixed rudder to your boat. In either case, your boat can be made to travel forward in a straight path.  Use a diagram to show how to create a keel or rudder that accomplishes this.  Explain how the rudder keeps your boat traveling in a straight line.
