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Experiment 1

  Dark and Light IV Curve of the Solar Module

  Task
Draw the IV diagram containing the dark and light IV characteristic curve of the solar
module.

  Setup 1

           Required devices
-

Load Measurement Box

A
+

V
-

+

Power-supply

0 - 3,5 V

+

Solar Module
Load Measurement Box
5 Hook-up cables (part 1)
4 Hook-up cables (part)

-

Additional Components:
- Black cardboard (part 1)
- Power-supply unit (part 1)
- Lamp 100-150 Watt (part 2)

+ -

Solar Module

  Preparation
Place the solar module on a solid base and cover it completely with a piece of black
cardboard. Adjust the rotary switch on the load measurement box to “Short Circuit”.
Connect the solar module to the power-supply unit in "conducting direction", i.e. the
positive pole of the power-supply unit to the positive pole of the solar module and the
negative pole of the power-supply unit to the negative pole of the solar module.

  Execution
1. Measure the respective dark current.
2. Adjust the power-supply unit to different voltages (in 0.5 volt steps between 0 and
2.5 volts, and in 0.2 volt steps between 2.5 and 3.5 volts).
The voltage at the load measurement box must not exceed 3,5 V !

  Evaluation
1. Draw the IV diagram (dark IV characteristic curve of the solar module).
2. Interpret this characteristic curve.
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  Setup 2

           Required devices
-

Load Measurement Box

A
+

Experiment 1

V

R
-

+

Solar Module
Load Measurement Box
5 Hook-up cables (part 1)
4 Hook-up cables (part)

-

Additional Components:
- Black cardboard (part 1)
- Power-supply unit (part 1)
- Lamp 100-150 Watt (part 2)

+ -

Solar Module

Lamp

  Preparation
Illuminate the solar module well with a lamp (the distance between the lamp and the
solar module should be about 30 cm, the current should be approx. 200 - 250 mA).
Wait for approx. 5 minutes until the module has warmed up and the characteristic
curve can be recorded at a relatively constant temperature.

  Execution
1. Measure the respective values for voltage and current at different resistances,
starting with the rotary switch in “Short Circuit” position and thereafter at increasing
resistances (1, 3, 5, 10, 50, 100, 200 Ω).
2. The final measurement is taken in the “Open Circuit” position.

  Evaluation
1. Draw the IV diagram (light IV curve of the solar module).
2. Interpret this characteristic curve.
3. Determine the Maximum Power Point (MPP) by drawing a graph, plotting the power
(P = U · I) against the voltage.
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   Measured values



   Dark IV curve


Voltage (V)
Current mA

0


0,5

1


1,5

2


2,5


2,7

2,9


3,1

3,3


3,5



   Light IV Curve


voltage (V)
current (mA)
resistance (Ω)

1


3

5


10


50

100


100
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                         Experiment 1



   Diagrams


I-U - diagram dark IV curve
I-U - diagram light IV curve

I
I















U
U



   Evaluation
Interpretation of the diagrams:
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
The MPP is at: ______
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Experiment 9

Photocurrent as a Function of Distance and Incident Angle

 

  Task
Determine the functional relations between distance and incident angle. What effects
do they have on practical applications?

  Setup
Load Measurement Box

A
+

V
-

+

-

+ -

Solar Module

Lamp

  Required devices

32

-

Solar Module
Load measurement box
2 Hook-up cables

Additional Components:
- Lamp 100-150 Watt
- Ruler
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Experiment 9

  Preparation
Tough the Solar Module only at the housing, because it is getting very hot!

  Execution
1. Set up the apparatus as shown in the figure. Set the rotary switch of the load
measurement box to “Short Circuit”.
2. Position the Solar Module on the enclosed protractor on position 0° and illuminate it
well with the lamp (to reach a current of approx. 150 mA). The distance to the lamp
should be typically around 50 cm.
3. The incident angle of light is adjustable by turning the Solar Module.
4. Measure the photocurrent (short-circuit current) at different angles of incidence (in
10° steps between 0° and 90°).Take measurement values for both directions, left
and right turn and calculate the average values for both directions. This
compensates for inhomogeneous illumination.
5. Adjust in a second experiment the distance d between the lamp and the solar
module and measure the photocurrent at different distances (in 10 cm steps
between 50 and 150 cm).

  Evaluation
1. Draw the I-α- and I-cos α-diagram.
2. Draw the I-d- and I-1/d2-diagram.

  Measured values
α in°

Current
mA (left)

Current
mA (right)

Current
mA
(average)
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d (cm)

Current
mA
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   Diagrams



















   Evaluation

                        

Experiment 9

What are the functional relations between distance and incident angle and what effects
do they have on practical applications?
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
_____________________________________________________________________
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Experiment 17

Impact of Total Resistance on the Characteristic Curve of the
Fuel Cell

  Task
Draw the VI characteristic curves of the fuel cell with and without the plug-in resistance.
Interpret the results.

  Setup

  Required devices

60

Components from leXsolar H2-Large:
- Solar module
Electrolyser
- Load measurement box
- 4 hook-up cables
- 2 long tubes
- 2 short tubes
- 2 tubing stoppers

Additional components:
- Lamp 100-150 Watt
- Distilled water
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                         Experiment 17



   Execution

1. Carry out the measurements using the membrane coated with 0.3 mg of catalyst per

cm2. Make sure that the distance between the two plates is 7 mm.

Set up the apparatus as shown in the Figure.

2. Adjust the rotary switch on the load measurement box to “OPEN”.

3. Make sure both of the gas storage cylinders of the electrolyser are filled with distilled

water up to the 0 ml mark. Using the illuminated solar module, set a constant current

to the electrolyser of between 250 and 300 mA. The solar module must be

positioned towards the light source in such a way that gas production can be clearly

observed.

4. Purge the complete system (consisting of the electrolyser, fuel cell and tubes) for 5

minutes with the gases produced. Then set the rotary switch on the load

measurement box to 3 Ω for 3 minutes. The ammeter of the load measurement box

should
now already show a current. Purge the system again with the rotary switch in

the “open” position for 3 minutes.


Fig. (Storing):

Oxygen
Hydrogen

from electrolyser
from electrolyser

Fuel cell



O2

H2







Tubing stoppers


5. Stop the power supply to the electrolyser for a short time and use the stoppers to

close the two short tubes at the gas outlets of the fuel cell (see Fig.).

6. Reconnect the solar module to the electrolyser and store the gases in the gas

storage cylinders of the electrolyser. Interrupt the power supply when the hydrogen

side of the electrolyser has reached the 10 ml mark.

7. Remove the cables between the solar module and the electrolyser and use them to

connect the voltmeter of the load measurement box to the fuel cell (see Fig.).

8. Record the characteristic curve of the fuel cell by varying the measurement

resistance (rotary switch of the load measurement box). Start at position “open” (off
load voltage), then decrease the resistance step by step by turning the rotary switch

to the right. Record the voltage and current for each resistance. Wait for 30 seconds

each time before taking the measurements. Enter the figures in the table of

measurements.
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Experiment 17

                        
Fig. (Recording the characteristic curve):

Fig. (Recording the characteristic curve with plug-in resistance):
Load measurement box

A
+
+ 0
2

ml

ml

-

0,47 Ω

2
4
6

O2

-

+

0

6
10

R

+ -

4
8

V

O2

8
10

H2

H2

Electrolyser
Fuel cell

9. After recording the characteristic curve, reset the rotary switch of the load
measurement box to “open” and remove the fuel cell stoppers.
10. Now plug the 0.47 Ω plug-in resistance into one of the fuel cell tip jacks (see Fig.)
and re-measure the characteristic curve as described under 1.-9.
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   Evaluation


1. Draw the VI characteristic curves of the fuel cell with and without the plug-in

resistance.

2. Also draw the P I diagrams.

3. Interpret the results.



   Measured values


Characteristic curve
Characteristic curve

without resistance
with plug-in resistance

Resistance
Voltage
Current
Voltage
Current

(V)
(mA)
(V)
(mA)
(Ω)












   Diagrams
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Expansions for leXsolar-H2 Large
Demountable Fuel Cell

Methanol Fuell Cell

The layout diagram for leXsolar-H2 Large can be found on the first page.
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