MECH 581a4
Rocket Propulsion
Class Notes - Page: 1
Week 2
Thrust and the Rocket Equation 
Text Reading: Sutton Ch. 2, 
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Homework Assignment 

1. The German V2 Rocket.  Use the rocket equation to determine the burnout velocity and the maximum achievable height of the German V2 rocket, assuming that it was launched vertically.  

a) Neglect drag force and solve for burnout velocity and maximum altitude analytically.
b) Take into account drag coefficient (See Below) and variation in atmospheric density with altitude (See notes) and solve the rocket equation numerically using a forward difference scheme.  Make plots of altitude vs. time, velocity vs. time and acceleration vs. time and solve for maximum altitude.
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Given:  Isp = 250 seconds, Mo = 12700 kg, Mp = 8610 kg, tb = 60 s
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2. The Bottle Rocket Problem. On the first day of class, you completed a design project in which a 2-Liter soda bottle was filled with a combination of high-pressure air (50 psig) and water.   By adding fins and a nose cone it was possible to create a rocket that traveled up to 300 feet.   
Calculate how far such a rocket would travel if it were launched at 45o in a vacuum.  Consider the case in which the rocket is initially 1/3 filled with water.  State all assumptions and comment on your results.
Hint:   Solve the problem by considering the period during which water is being ejected from the rocket.  Use Bernoulli’s equation to estimate the exit velocity of the water assuming constant pressure in the bottle.  Once you have the exit velocity, you can calculate the mass flow rate and the “burn time”.  Then, you can use the rocket equation (5a from your notes) to calculate the velocity of the bottle at burnout.  Next, find the height at burnout by integrating equation (5a).  Then, given the velocity at burnout, calculate the final coast height. You can then calculate the total time that it has been coasting and recognizing that the component of velocity in the x-direction is constant (in the absence of drag), you can calculate the total distance traveled.   
