Design Competition
Underwater Hacker Missile Wars!
Problem statement.  Configure a model rocket to maximize a figure of merit for an underwater launch.  Your design determines three parameters of the configuration:  1) the mass and shape of the payload;  2) the height of the water column;  and 3) selecting the model rocket motor.  The water height you specify should be the height at which you predict you rocket payload will just break the surface of the water column.  
Performance.  The performance figure of merit J is the ratio of the maximum potential energy the rocket acquires while submersed to the stored energy available to do useful work, given by


[image: image1.wmf]i

W

mgy

J

max

=

,
(1)

where m is the total mass of the rocket body, payload and motor, ymax is the maximum vertical height the rocket acquires while submersed, and Wi is the useful work capability of the motor.  This useful work capability is equal to the maximum ideal kinetic energy of the rocket, given by
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where vmax is the maximum velocity attainable in the absence of all external forces except thrust.   Select the design parameters that maximize J with the nose-cone of the rocket just breaking the surface of the water column.   
Deliverables.  At the end of the fabrication period, turn in your clay payload ready for oven-curing.  At the end of the analysis period, turn in your competition documentation to specify the rocket motor type and the height of the water column to be used in the competitive testing.  The water height you specify should be the height at which you predict you rocket payload will visibly break the surface of the water column.  
Competition.  Test launches are randomly ordered.  Mass m is measured.  Officials will install your rocket and payload in the test fixture configured per your specifications.  Launching is computer-controlled.  Launch is enabled by the code-breaker on your team deciphering a coded message to obtain a launch code (similar to a PIN) and typing the launch code into another computer window.  At the same time, an opponent from another team is deciphering his or her own coded message to obtain a “launch-prevent” code.  Your goal is to beat your opponent in the shortest time possible.  In the event the opponent succeeds, we’ll launch your rocket manually.  Your total score is based on your figure of merit, whether or not your nose-cone emerges from the water, how well you predicted the height of the water column, esthetics, and your code-breaking times.  The scoring formula is shown in the competition documentation.  
Constraints.  

1. The payload shall be constructed using the clay provided (clay only, no additives), and oven-baked prior to launch.  

2. The water column shall be between 0.75 m and 2.5 m high.   

3. Three model rocket motors are available, types A, B, or C.  Experimentally-determined  underwater thrust curves are provided in graphical form.  The data are available in electronic form.  

4. Rocket bodies are provided.  Minimum total mass requirements (motor, body and payload) are listed below.
	Motor type
	Motor mass
(g)
	Body mass
(g)
	Min. payload (g)
	Min. total mass
(g)

	A8
	16
	99 ± 2
	10
	123

	B6
	20
	220 ± 2
	30
	268

	C6
	25
	335 ± 2
	30
	388


5. No rocket launches are permitted prior to the competition.  No test trials.  
6. The team code-breaker competes twice:  once while attempting to launch their own rocket, and once while attempting to prevent the launch of an opponent’s rocket.  

7. Known or measured parameters are given in the table below. 

	Parameter
	Value or range

	clay density
	1684 kg/m3

	water density
	998 kg/m3

	drag coefficient
	0.3 ( Cd ( 0.8


Safety.
1. During the competitive testing, all participants will wear safety goggles and hardhats.  

2. Only the officials will handle the rocket motors.
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