Physics S

Rocket Engines

Model rocket engines come with specifications as to the amount of thrust they  develop, the time they burn, the amount of momentum they impart to the exhaust gasses, and thrust curves - a Force v. Time graph for the engine.  Here we will mess with this. 

Here's what to do:

1. You will need a Mac setup with ULI and a force probe running MacMotion, and a setup for holding the rocket engines and getting rid of the exhaust gasses.  Find the mass of your engine before you fire it.

2. Choose Calibrate force probe from the Data menu and follow the directions there - Choose your known weight to be as close as possible to the maximum force the engine you are testing will develop.  (You will need to look it up on the force curve chart)   Make sure that you zero the probe each time you use it, or change its position or orientation.  When the probe has been calibrated, check to see if it can read the forces it needs to by making a run and pressing on the probe.  If the probe makes a flat line graph before reaching the maximum force you need to measure, rotate the magnet away from the Hall effect sensor, and start over.  Choose "Make push positive" so that you get a positive graph when you push on it, choose "force only data" from the collect menu, change the time axis of your graph so that it will run 2 seconds longer than your rocket engine, choose triggering on a very small force, but not so small that small seismic events trigger it.  Change the data rate to 40 readings a second.  Zero the probe at least once more with the probe pointed up.

3. Put on safety glasses and place the exhaust tubing and shield over your apparatus.  Unplug the battery charger, turn it off, and short the leads coming out of it for 1 second.  Connect the igniter wires to the charging leads.  Zero the force probe.  Tell MacMotion to start collecting data.  Wait until the words "Waiting for trigger" appear on the graph.  If they don't, you missed something in step 2, or your trigger is too sensitive; go back and fix this.  Plug in the charger, and when you are ready, turn it on to "12V" to ignite the engine.  Hopefully the engine will fire, and MacMotion will collect the data.  If not :-(  Mass your engine after you have removed the tape and other things.  

4. Cut and paste the force and time data into a spreadsheet, and make at least 2 blank lines on the top of the data.  Give your columns titles.

5. Make a column that calculates the amount of impulse imparted by the engine during that time interval.  (Note that although impulse is force x time, time is not time of day, or even time elapsed since beginning of experiment, it is time elapsed during this time interval.  these are probably the same throughout the spreadsheet, but they are in general timen+1 - timen)

6. Use the SUM function to calculate the sum of the impulses.

7. Use the sum of the impulses and the approximate time of firing to estimate the average force on the rocket.

8. Using Cricket graph, make graphs of the following:  Force v time, and total impulse v. time.  Make sure that you title the graph properly.

Answer these questions, citing data.

A. How similar is your graph to the force graph in the specs?  If they are different, how do you account for this?

B. How does the total impulse imparted by the engine compare to the specs?

C. What is the velocity of the exhaust gasses?  (On the average.  You will use the change in mass of the engine for this)

Optional:  If you want extra credit, or want to substitute this  for another lab, create a column that calculates the velocity of a model rocket of mass m (neglecting air friction...but you don't have to....) that is propelled by this engine.  To do so, you will make a cell for the rocket's mass not including the fuel, and the total mass at any time interval.  The mass will depend, of course, on the total momentum imparted so far, and the mass cell (This will take some figuring...but you want extra credit - right?).  Then make a column for the acceleration during that time interval, and then a column for the change in velocity, and finally, a running tally of the changes in velocity, or the final velocity.  Make graphs of all these, overlaying only graphs with the same units, if at all.  I may kick you out of our room and onto another computer somewhere in the building if you choose to do this, to free up computers.  

