ASEN 2002 Balloon Experiment (Example Schedule)
Educational Goals:
· Buoyancy Force, neutral buoyancy, force balance

· Theoretical vs. Empirical

· Experimental methods

· Thermodynamic effects on buoyancy

· Thin Walled Pressure Vessels

Experimental Schedule
Demo: 

· Discuss force balance

· Discuss thin walled pressure vessel equation

· Inflate balloon

· Add payload to neutral buoyancy

· Increase payload (so it doesn’t float away) and hand around

(Have students think about how to estimate volume)
· Tell them they will have to estimate radius of burst

· Inflate balloon to failure (~5g)

Lab Day 1:
· Assuming 55 students, implies around 11 groups

· 6 groups perform heating experiment

· 5 groups perform neutral buoyancy, and volume measurements

Lab Day 2:
· Switch group tasks from Lab Day 1
Experimental Procedure:

Legend: 
· 1, 2, 3… = Steps
· Arrow-Pointer = Note for Instructors/Course Assistants
Part 1:
1. Weigh balloon
2. Fill balloon using tank attached to mass flow-meter 

· CA/Students documents mass estimate
3. Empirically add payload until neutral buoyancy is achieved

4. Remove and weigh payload (total) mass

· Students should note any zip-ties, strings, etc (not negligible masses)
5. Measure water height in volume tank

6. Submerge balloon, let water settle, get Δh and calculate Volume

· Students must account for their hand’s volume

· Students should get better dimensions for L and W
7. Estimate mass of gas

Part 2:
1. Fill balloon

2. Add payload to slightly negative buoyancy 

· Must be slight
3. Place balloon in front of heater

4. Watch balloon rise and fall

5. Document maximum height achieved (approximately)

6. Detach payload and weigh

7. Calculate required Δ Volume to lift payload 

8. Estimate Δ Temperature to achieve necessary Δ Volume (ideal gas law)

9. Relate Δ Volume to height or acceleration
Questions for the Students:

1. How would you estimate the volume of this shape?  What volumes do you achieve? Are they reasonable?

· Should be answered prior to experiment, or at least displayed that estimates were made

2. At what radius do you estimate the balloon will rupture? Is that reasonable?

· Students should calculate and compare to the estimate from the lab demo

3. If you were to make your balloon neutrally buoyant in water, what payload mass would be required?

· Should be ~1000 times their aerial mass

4. Would a different gas make a significant difference for buoyancy in air? In water?

5. How would you improve the experiment / measurements?

6. If you desired to lift more mass, what could you change? What is its effect?
