Total Impulse of a Rocket Engine





Name__________________________  Period____

Purpose: The purpose of this lab is to measure the force Vs time history of a model rocket engine and to calculate its total impulse and other characteristics.

Procedure: Read All of Procedure First and Make Sure You Know What You are Doing. You Only Get One Rocket Engine and One Chance!!!
1. Carefully measure the mass of the rocket engine your teacher issues you. Record it and the rocket type (A, B, or C) below.

Initial Mass = _______________kg. Rocket Type _______ Final Mass=_______________kg.

2. Insert a wire igniter into the nozzle end of the rocket and secure it with a plug.

3. Make sure the launch key is not in the controller and then insert the rocket engine in the holder so the nozzle end points up.

4. Attach the clips to each end of the igniter wire, making sure the metal clips and the igniter wires do not touch the metal pipe.

5. To remove the weight of the rocket engine from our force data we need to zero the force probe by pressing the Zero button on the side of the force probe.

6. You are now ready to collect your data. Open file Rocketcollect at the computer.

Make sure everyone is away from your rocket test stand and then insert the launch key in your launch controller. A beeping sound and flashing yellow light are activated if you have things connected right.

7. Depress the yellow arm button and instruct the person at the computer to start recording. Countdown from 5 and at zero press and hold the red fire button while still depressing the yellow arm button. If the rocket does not ignite within a few seconds contact your teacher. DO NOT APPROACH THE ROCKET ENGINE!!!

8. After a successful firing, remove the launch controller key and place it back on the rocket test stand. Remove the wire from the clips and put it in the trash. After the rocket engine has cooled for a minute, remove it and measure its final mass, record it above.

9. Save your data file to the Flash Drive your group was issued (or your own) Name it by your period, rocket type (A, B, or C) and group. For example, 1AC would be period 1, rocket A, group C.

Data Analysis: Watch your units (kg,m,s,m/s,N) and show all of your work

1. The total impulse will be determined by calculating the area under the curve by hand (method a) and using the Data Studio area function (method b).

(a) Start Data Studio, open your file and then save it to the Thawspace on your group’s computer. The time axis should be set to be about as long as the rocket burn and the force axis just greater than the maximum force. This can be done by double-clicking on the graph, selecting “Axis Settings”, and then entering the min and max values for the x and y axes. Now we want to print out a large clean copy of the graph to determine the area under the curve by hand. Select page setup from the file menu and select Landscape orientation by clicking the icon with the little man lying on his side. Print out a force Vs time graph (1 for each). Estimate the area between the force line and the X axis. This can be done by approximating the area as a collection of squares, rectangles, and triangles. Calculate the area of each shape and add them together. Alternatively you can determine the area of one square in N.s and then multiply by the total number of squares. Show all of your work and your final answer on your graph and attach it to this lab.

(b) Click and drag to carefully select only the portion of data showing the rocket burn, not the part where the smoke was coming and out or the parachute deploying explosion. Click on the arrow next to the ( icon. Select “Area”. The area under the curve which is the total impulse of the rocket in N.s is now displayed. Record the value in the data table below.

2. We will now calculate the change in velocity for the rocket engine if it was allowed to launch. Using the initial and final masses, calculate the average mass and record it in the data table below. Using the average mass, the total impulse from the computer, and the impulse momentum equation, calculate the change in velocity and record it in the data table below. Show all of your work below.

3. Calculate the maximum height the rocket engine could achieve if launched straight up and if the change in velocity occurred instantaneously at ground level. This means the rocket coasts to its maximum height. Ignore air drag. Record your result in the data table below. Show all of your work below.

5. Record the average thrust (mean force on your graph) of your rocket. Record it in your data table. Use the average thrust and the final mass to calculate the maximum acceleration (Don't forget that weight acts down). Record it in your data table and show your work below.

	Rocket Engine
	Total Impulse
	Average Mass
	Change in Velocity
	Maximum Height
	Average Thrust
	Maximum Acceleration

	
	(N.s)
	(kg)
	(m/s)
	(m)
	(N)
	(m/s2)
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Questions: 1. Obtain data for the other two rocket engine types from the group data table on the board and complete your data table. Compare the total impulse of these different engines and look for a pattern. Based on this pattern, estimate the total impulse of a D rocket engine. Explain your method below.

2. The change in velocity, the maximum height, and the maximum acceleration calculations yielded some very high numbers. What important factor was omitted that would bring these numbers “down to Earth”? The actual maximum height of a C rocket engine is about 600m. What percent of a C rocket engine’s energy is lost to this missing factor?

Conclusion: If a rocket produced a thrust equal to its weight at launch, it would hover over the launch pad at first but soon it would accelerate up and reach great speed and altitude. Explain how this is possible.

