Santa Barbara City College

Nanotechnology in Society 107
Alternative Energy Sources:  The Hydrogen Car
Introduction:


In this activity the hydrogen fuel cell will actually be used to do work.  In the electrolyzer we have a source of hydrogen and a way to store it in the gas cylinder.  We also have a source of oxygen in the other cylinder.  (Note: Normal air could be used since it contains 21% oxygen.)  In this lab we will utilize a method that changes the hydrogen and oxygen in a way that will produce electricity, power an electric motor and move the car.  The electrolyzer is part of a reversible fuel cell.  If hydrogen is supplied to one side of the fuel cell and oxygen to the other side of the fuel cell, the fuel cell produces an electric current (see Diagram 1).  The hydrogen combines with oxygen to produce water again according to the following reversible reactions:

Electricity + Water →  Hydrogen  + Oxygen

Hydrogen  + Oxygen  →  Water  + Electricity


As can be seen in these reactions, this technology offers an incredible potential solution to the air pollution problem.  This technology is already at work with astronauts living in the space stations and traveling in the space shuttles.   Imagine producing electricity and being able to drink the by-product.


With the Fuel Cell Model Car, stored hydrogen can be used to produce electricity to power the motor. Since the electric motor spins quickly it has a gear box to reduce the speed of the motor shaft and carry power to the rear wheels of the car.  In the first part of this activity the car will be supported so its wheels can turn without touching anything and some data can be collected.  Voltage (V) and current (I in amperes) will be measured as the cars motor turns.  The strength of this process will be calculated by determining the mechanical power (P in watts) according to the equation:

I x V = P  (amperes x volts = watts)
Guiding Questions:
If several hydrogen fuel cell cars start with the same amount of fuel, what factors could cause differences in the amount of time the motor will run or the distance it will travel?

Materials and Equipment:

Safety Goggles



wood block


Paper Towels
Dr. Fuel Cell Car Kit



120 Watt Light Source
ruler

Tape





Lab Jacks


120V Lamp

Safety:

Wear safety goggles

No open flames

Distilled water only

Keep minimum distance of 20 cm (8 inches) between light source and solar panel

Do not concentrate light

Do not touch the hot surface of the solar panel or lamp
Part 1:Charging the Fuel Cell

1) Fill the reversible fuel cell with distilled water by turning the unit upside down and removing both stoppers.
2) Fill each chamber with distilled water until it reaches the top of the small tubes in the center of the cylinders.

3) It will leak on the table, which is fine because we do not want any air bubbles in the system.

4) Tap the unit gently to remove any air bubbles and replace the stoppers.

5) Turn the fuel cell right side up and connect the solar panel by placing a red to red and black to black on both the solar panel and the reversible fuel cell.

6) Place a 120V light bulb approximately 4 -8 inches away from the solar panel, using the lab jack to raise the solar panel to the appropriate height.

7) Since the production of hydrogen and oxygen gas is produced in a 2:1 ratio, respectively, you will see the Hydrogen chamber fill twice as fast as the oxygen chamber.

8) As the chambers fill with gas, the water will be pushed to the top reservoir.

9) The fuel cell is fully charged when both chambers are filled with gas and the water has been completely transferred to the top reservoirs.

10) Once fully charged, simply remove the power source to terminate the reaction.
Part 2: Setting up the Fuel Cell Car

1) With the red and black terminals facing towards the front of the car, place the reversible fuel cell into the notches on the model car until it audibly clicks into place.
2) Connect the red (+) jack with the red terminal and the black(-) jack with the black terminal.
Part 3 Measuring Power of the Hydrogen Fuel Cell:

1) Place a block of wood under the car base so the wheels turn freely.
2) Watch the level of gas in the hydrogen storage cylinder, and when the gas level reaches exactly 12 ml, start a stopwatch. Record this as time = 0 seconds in Data Table 1.  Again record the time on the stopwatch when the gas level has been reduced to 11 ml and again at 10 ml and so on.  Use the table to record the time at each ml of gas as it is consumed until the hydrogen is gone.  Record any extra time the wheels turn after the cylinder seems to have no more hydrogen.
3) Repeat Part I to recharge your fuel cell.

4) While this is recharging, collect data from another group to fill in Trial 2 data. Get an average and go to the computer lab to construct a graph to plot your results showing the time of wheel rotation (Y – axis) versus volume of hydrogen used (X – axis).

Data Table 1:

	
	Trial 1
	Trial 2
	Elapsed seconds of wheel rotation (trial ave)
	Volume of hydrogen used

	
	Time
	Elapsed seconds since 12 ml
	Time
	Elapsed seconds since 12 ml
	
	

	Time when 12 ml H2 left
	
	
	
	
	
	

	Time when 11 ml H2 left
	
	
	
	
	
	

	Time when 10 ml H2 left
	
	
	
	
	
	

	Time when 9 ml H2 left
	
	
	
	
	
	

	Time when 8 ml H2 left
	
	
	
	
	
	

	Time when 7 ml H2 left
	
	
	
	
	
	

	Time when 6 ml H2 left
	
	
	
	
	
	

	Time when 5 ml H2 left
	
	
	
	
	
	

	Time when 4 ml H2 left
	
	
	
	
	
	

	Time when 3 ml H2 left
	
	
	
	
	
	

	Time when 2 ml H2 left
	
	
	
	
	
	

	Time when 1 ml H2 left
	
	
	
	
	
	

	Time when no H2 left
	
	
	
	
	
	

	Time when wheels stop
	
	
	
	
	
	


Part 4: How Much Power is Produced?
1)   In Part 3 of this investigation you have seen that stored hydrogen can produce 

electricity in the fuel cell to power the car wheels.  In Part 4, you will find out 

how much power the small fuel cell can deliver.

2) Once your fuel cell is recharged, turn the Load Box ON.  Set  LOAD to OPEN and connect the patch cords as shown in Diagram 1.  Then set the LOAD to 10 Ω.

[image: image1.png]



Diagram 1 – Fuel Cell, Load Box assembly

The ammeter (A) on the load box measures current flowing through the load, at the same time the voltmeter (V) measures the voltage across the fuel cell output connectors.

3) Briefly observe the current and the voltage and write them in Data Table 2. 

Calculate the Power output of the fuel cell.  Change the load setting to 5 Ω, 3 Ω 

and then to 1 Ω and again observe and record the current and voltage and

calculate the power.  Disconnect the Load Box from the fuel cell and turn it OFF.

Data Table 2 – Power Calculations

	Load
	Current
	Voltage
	Power

	10 Ω
	__________Amperes
	____________Volts
	___________Watts

	5 Ω
	__________Amperes
	____________Volts
	___________Watts

	3 Ω
	__________Amperes
	____________Volts
	___________Watts

	1 Ω
	__________Amperes
	____________Volts
	___________Watts


Part 5: Hydrogen Power in Motion

1) Connect the fuel cell to the car.

2) Adjust the front axle so that the car makes a circle without running into anything.

3) Using a piece of tape, mark on the floor where the center of the car is travelling and another piece of tape on the exact opposite side of the circle.

4) Disconnect one of the jacks so that the car stops running.

5) Measure the diameter of the driving circle and write it down and calculate the length of the circle. (c= ∏ x d)
6) Note the amount of hydrogen in the storage container and record it in the Table 3.

7) Position the car on the floor.

8) Have a stopwatch ready at hand.
9) Connect the wire you disconnected before to restart the car. 

10) If the car does not move at first give the car a little push to help it overcome the force of friction.

11) Start the stopwatch or note the time.

12) Let the car run for exactly one minute and count the number of circles it makes.

13) Disconnect one of the wires so the car stops.

14) Note the amount of hydrogen in the storage cylinder, write it in the table, and calculate the amount used in one minute.

15) Write the number of circles and calculate the distance, write it in the table.

16) Repeat this procedure at least 3 more times.

17) Repeat the procedure 4 more times, this time letting the car run for 2 minutes.
18) Repeat the 2 minutes trials 3 more times.

19) Use you graph that you made for part 3 and plot the data from table 3 for both 1 minute and 2 minute trials on the graph.

20) Fill in table 3 completely with distances travelled for each trial.

Table 3
	Trial
	H2 at start [mL]
	H2 at end [mL]
	H2 used in 1 [mL]
	H2 used in 2 [mL]
	Number of circuits
	Distance Travelled [m]

	1


	
	
	
	-------------
	
	

	2


	
	
	
	-------------
	
	

	3


	
	
	
	-------------
	
	

	4


	
	
	
	-------------
	
	

	5


	
	
	-------------
	
	
	

	6


	
	
	-------------
	
	
	

	7


	
	
	-------------
	
	
	

	8


	
	
	-------------
	
	
	


Questions: (please use a separate sheet if necessary)
1) What happens to the level of gas in the hydrogen storage cylinder as the wheels turn?  Why does this occur?

2) Could you power the electric motor with electricity produced by the solar panel?  What is the advantage of powering a car with hydrogen fuel rather than a solar panel connected directly to the electric motor?

3) What did you notice as you compared the time the wheels turned as you repeated the experiment?

4) What is the advantage of having hydrogen combine with oxygen in this way rather than having it burn and explode as it did in the previous activity?

5) Predict how long the wheels would rotate given 24 ml of hydrogen gas.  Refer to your graph and extrapolate an answer.

6) Why do you think the motor continued to turn after the volume of hydrogen reached 0 ml in the storage cylinder? 

7) When you decreased the resistance from 10 Ω to 1Ω, what happened to the current?  What happened to the voltage?  What is the maximum power output from the fuel cell you have determined?

8) The dependence of current and voltage you have determined is typical for batteries too.  Can we say that the fuel cell is a battery?  Please explain.

9) What did you find when you compared the rate of hydrogen consumption in part 5 to your investigation in part 3?

10) If you found a difference, what do you think caused this?

11) Can you think of any other examples of this from your personal experience?

12) How do you think this would affect cars in the future if they drove on flat or hilly roads? Is this effect similar to what happens to the cars we drive now?

13) Using your data on the distance your car travelled, how far did your car travel on 4 mL of hydrogen? How much hydrogen would you need to have your car travel exactly one kilometer? Show all your calculations.

Teacher Notes

The Solar Panels are most fragile.  They must not be bent!

Make sure students do not place the artificial light source any closer than the 20 cm noted in the procedure.

Distilled water ONLY must be used in the fuel cells.  Students must wash and rinse hands thoroughly before handling the fuel cell.  Unwashed  and un-rinsed hands contain harmful ions.

Answers to Questions:

Guiding Question:

Efficiency of the fuel cell and friction

1) If we want to compare the duration of the wheels turning for each ml of H2 gas used, it is important to begin timing exactly at the 12 ml mark each time.

2) The volume of gas in the H2 storage cylinder decreases because as the wheels turn they use electricity to power the motor and this comes from the H2 gas combining with O2 gas to form water and produce electricity.
3) Yes, you could power the motor with electricity produced by the solar panel.  Using the H2 fuel rather than the solar panel would allow the car to be used in the dark or when there is not enough light to power the car.

4) As the experiment is repeated the duration of the wheels turning for each 4 ml of H2 gas used becomes more consistent.

5) It produces a much more controlled energy flow in the form of electricity.  This electricity can be turned on and off so it can be used a little at a time.

6) Answers may vary depending on the individual car and the graph results..

7) There is extra H2 gas that is in the cell itself and surrounds the membrane.

8) Decrease the resistance, the current increases.  Increase the current, the voltage decreases.  Wattage will vary from group to group and car to car.

9) Batteries show similar behavior.  They have a no-load voltage which is for example 1.2 volts for a NiCd battery and the voltage decreases with increasing current.  Yes, the fuel cell can be called a battery since it makes electricity out of a chemical reaction which is separated into two have cells.
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Alternative Energy Sources: The Hydrogen Car  is based on Investigation #5, (p. 5-1) of the Experiment Manual for Hydro-Genius Fuel Cell Car “HYCO” by Brian Herrin, Michael Baker and Henrik Colell, Rudower Chaussee 29, D-12489 Berlin, Germany.  This activity was adapted by Jack Sipe for the Advancing Science Program, Gettysburg College, Gettysburg, PA 17325, � HYPERLINK "http://www.advancingscience.org" ��www.advancingscience.org�











7
Revised from lab 999.18, Alternative Energy Sources: The Hydrogen Car, 8/4/2005, Advancing Science Program, Gettysburg College, Gettysburg, PA 17325, www.advancingscience.org


