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LESSON OVERVIEW

This lesson demonstrates how a solar panel reacts to radiant heat from the sun
including its diminished ability to produce electricity under this condition.

LEARNING OUTCOME

Students are shown that heat can cause a decrease in solar panel power output.
Students come to understand that:

1. Solar panels must be constructed of light-colored materials to better avoid
the effects of heat absorption.

2. Wind can dissipate the solar panel’'s heat and provide for better electrical
output.

3. Solar panel efficiency (the ability to convert sunlight into electricity) is
negatively affected by heat.

STUDENT ACTIVITIES

Students allow the solar panel to heat up over several minutes and record the
electrical output at selected times in order to determine the rate at which the
solar panel looses its ability to generate electricity.

During the course of the lesson, students measure and record voltage, current,
resistance, power and energy with the Smart Meter — Data Logger ™. Students
are also charged with displaying the recorded data on the classroom computer
and explaining the differences in readings. This is followed by printing out plots
of the data on a printer or downloading data files gathered on the computer to be
included in reports about the lesson.
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GRADE-LEVEL APPROPRIATENESS

This lesson is appropriate as an introduction to solar energy data interpretation
for students in grades 8-10.

LESSON TIME

This lesson should take between 30 minutes to 45 minutes depending on
discussion time about the experiment.

SAFETY

No particular safety issues are deemed present in this lesson; however,
particular attention to the setup and execution of the lesson is always prudent in
order to avoid unintentional mistakes and the resultant possible harm to those
involved.

REQUIRED MATERIALS

Qty Description

Solar Panel

Smart Meter — Data Logger
USB cable

Clip leads

100 ohm resistor

Table Fan

Classroom Windows PC computer with REEL Power ™ software
(MACs must have Parallel's “Desktop 3.0 for Windows”)

1 Printer (optional)
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PRELIMINARY STEPS

1. Install the graphical software on the classroom computer.
2. Install a fresh 9-volt battery in the Smart Meter — Data Logger
3. Refer to the Smart Meter — Data Logger ™ Tutorial for extra help.
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EQUIPMENT SETUP

1. Setup the equipment as shown in Figure 1 below. Wire the opposite side
of the solar panel so that all three modules are in series in order to
produce maximum voltage. You can use clip leads or the wires with
looped ends to hookup the two inner solar modules together (+ to -). Then
attach a clip lead from the left-most negative (-) post to the Black Input
terminal on the Smart Meter — Data Logger ™ and another clip lead from
the right-most positive (+) post to the Red Input terminal on the Smart
Meter — Data Logger ™. Also add a 100 ohm resistor to the Output
terminals — the polarity doesn’t matter.
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Figure 1 — Initial Equipment Setup
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Caution:

While this lesson can be done indoors under artific ial
light, it is best to perform it outdoors under norm al
sunlight. The purpose of the lesson is to see how the
solar panel reacts to heat. Sunlight will heat the solar
panel naturally while radiant heat from a high-inte nsity
lamp may damage the panel. If you perform thisles  son
indoors be careful not to overly heat the panel or the
plastic case may melt.

2. On the Smart Meter — Data Logger ™ push the Track key until the Set

Sample Time message is displayed. Wait 3 seconds and then push the
Fwd or Rev keys to set the Sample Time to 30 seconds.

3. With the solar panel tilted at an appropriate angle to the light source to
capture the maximum light begin the data recording by pushing the Rec-
Stop key. Allow the recording to proceed for about 20

4. After about 20 minutes aim the Table Fan at the back of the solar panel
and allow the air to cool it. Make sure to hold the solar panel base with
your fingers so that it doesn’t move.

5. After about 10 minutes of cooling push the Rec-Stop key to end
recording.

TEACHING THE LESSON

1. Plugin a USB cable between the Smart Meter — Data Logger ™ and the
classroom computer and set the switch to the USB position so that it
receives power from the computer's USB port. Set the power switch to
the USB position and verify the sign on message on the LCD screen.

2. Click on the REEL Power ™
icon to bring up the software
menu. Then click on the MPP
Auto Trac — Data Logger icon.

EEF&I MPP Auto Trac - Data Logger

REEL Power

Page 4
A REEL Power ™ (Renewable Energy Education Lab) Lesson
© LearnOnling, Inc.  www.learnonline.com



3. On the computer adjust the voltage (vertical) scale on the REEL Power ™
software to 5.0 volts maximum.

4. Push the Track key on the Smart Meter — Data Logger ™ until the View
Trackx Data message is displayed where Trackx is the Track used to
record the tilt angle data. The computer display should begin to display the
recorded data as shown in Figure 2 below. We purposely put a dip in the
voltage (green line) to show the beginning and end of the plot.

Figure 2 — Effect of Heat and Cooling on Solar Pane | Output

5. An alternate way of viewing the data is to view it directly on the Smart
Meter — Data Logger ™ LCD screen. Start with pushing the Track key
until the correct View Trackx Data screen is displayed. Wait 3 seconds
until the first data sample is displayed.

6. Push the Fwd or Rev keys to step through the data with the date and time
it was recorded. Push any of the top keys for voltage, current, etc.
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DISCUSSING THE LESSON OUTCOME

1.

2.

First, your plot of voltage, current and power should look something like
Figure 2 above. At the beginning of the plot the voltage, current and
power are at their peak. This is because the solar panel is cool and can
produce its maximum output.

After a few minutes the voltage begins to fall as the panel becomes hotter.
You can either look at the computer plot to witness this or step through the
recorded data on the Smart Meter — Data Logger ™.

Notice that as the solar panel heats up the current remains basically
steady and does not fall as quickly as the voltage. This is a result of the
manner in which solar panels are made and how much of the sun’s energy
they can absorb. .

Expand the plot to view the power and current as in Figure 3. Show
students how the current (blue line) stays constant while the power (red
line) first dips and then recovers as the solar panel is cooled by the fan.

Figure 3 — Expanded View of Power and Current
During Heating and Cooling
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5. While a detailed technical discussion about why this happens is beyond
the scope of this lesson there is a lot of information on the web that can

shed more light on this effect You can start with this link from the “How
Stuff Works” website.

http://science.howstuffworks.com/solar-cell4.htm

6. Discuss with students the following conditions where heat, and its
negative affect on solar panel output power, can be avoided.

Solar panels must be constructed of light-colored materials to better
avoid the effects of heat absorption.

Wind can dissipate the solar panel’s heat and provide for better
electrical output.
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