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Texas Lesson 10: Solar Water Heaters 
 
OBJECTIVES: 
Students will discuss the concept of a passive solar water heater system and its components. Students 
will study how a solar water heater functions by making a simple, passive solar model and taking 
temperature measurements and recording and graphing their results. 
 

SUGGESTED TIMEFRAME: 

45 min reading passage and reading assessment  To be assigned before the lab. 

  

10 minute pre-lab + Discussion Verbal and written question prompt to engage 
students to think about the lab individually. 

20 minute experiment Performed in groups of about 4-5 students. 

10 minute post-lab Students will answer a brief set of questions and 
complete graphs of their data.  Each student 
should do their own. 

10 minute conclusive discussion Guided discussion of results and implications.  
Possible comparison of data between groups if 
time permits. 

TOTAL: 45 minutes of out of class preparation. 50 minutes of in class lesson. 

ADVANCED PREPARATION FOR LAB WORK: 
 
The teacher should read the Lab Activity completely and understand the steps involved in constructing 
the solar water heater. The lab equipment kit should be prepared ahead of time. Note that this lesson 

plan was adapted from this website http://www.infinitepower.org/pdf/No10%2096-814B.pdf. The 
activities were improved based on actual implementation experience in San Diego schools. 
Changes are highlighted in yellow. 
 

READING PASSAGE: 
 
Print pages 4-8 here (http://www.infinitepower.org/pdf/No10%2096-814B.pdf) 
This reading passage also includes a question and answer section and vocabulary section. 
 

PRE-LAB DISCUSSION: 

 Introduce the idea of the solar water heater. 

 Explain some of the basic engineering concepts behind it and how it would be useful in 

households.  

1. Briefly talk about the sun as a source of energy and the conservation of energy. 

http://www.infinitepower.org/pdf/No10%2096-814B.pdf
http://www.infinitepower.org/pdf/No10%2096-814B.pdf
http://www.infinitepower.org/pdf/No10%2096-814B.pdf
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2. Explain that the light from the bulb is not efficient.  Explain that a lot of energy is 

transferred to thermal energy around the bulb.  

 Outline the construction of the Parabolic water heater 

 Ask questions: 

1. How do plants attain their energy? 

2. Why would you need insulation around your storage system? 

1. Why put aluminum foil on the water heater? 

2. Why heat the water with the sun? 

3. Why does the light bulb get hot? 

4. Why the general parabolic shape? 

5. How can this be useful in the household? 

6. What kind of weather conditions would be needed for a solar water 

heater? 

7. Why would this be useful in California? 

EXPECTED OBSERVATIONS 
 
The small amount of water used in this experiment will gain about 3 to 5°C and upon standing 
several minutes will lose heat, indicating a need for an insulated storage tank in the home. If 
natural sunlight is used as the heating mechanism rather than a lamp, the timeframe will be 
altered. 
 

LAB ACTIVITY – Building a Parabolic Solar Water Heater 

 

BEFORE YOU START 
Review the vocabulary words from the Reading Passage. Ask your teacher if you are unsure of 
any of the meanings. Divide up all the steps in the Lab Activity first, so that everyone has a clear 
job to do. Read through the instructions first and draw in your science notebook what you 
think the final lab setup will look like!! 

 
 
MATERIALS: 
Collect an equipment kit from your teacher and check that it includes these items: 
• 40 cm of aquarium tubing, painted black 
• Cardboard paper towel roll 
• 1 small sheet of aluminum foil 
• 1 pair scissors 
• 1 self-adhesive fastener for binding holed paper 
• 2 brass brad fasteners 
• 1 gooseneck lamp with 100 watt bulb (to represent the sun) or access to direct sunlight 
• 1 Styrofoam cup 
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• 1 tube of caulk (your group may be sharing a tube with other groups) 
• 1 collecting jar or small beaker 
• 1 pencil 
• Graph paper 

• Vernier sensors if available: to measure temperature and luminance. 
 

Part A. Constructing the Solar Water Heater  
 
 

1. Cut the paper towel roll in half lengthwise. 
 

2. Place the roll halves together so their convex sides are touching (back to back) 
 

3. Join the two roll halves together with fasteners at both ends of the rolls. 
 

4. Pull off the paper covering the adhesive side of the self-adhesive fastener, and stick the 
self-adhesive fastener (adhesive side down) lengthwise in the middle of one of the 
paper towel roll halves. 

 
5. Bend the 2 prongs of the self adhesive fastener straight up and then line the inside of 

one paper towel roll half with the aluminum foil, shiny side facing up (make slits to slide 
the foil over the prongs). This now is your parabolic collector or heater.  

 
6. Using a pencil, twist and bend each prong to form a closed loop through which the 

aquarium tubing will slide.  
 

7. Slide the black aquarium tubing through the 2 loops leaving equal amounts of tubing on 
each end of your parabolic collector 

 
8. Poke a small hole in the side of the Styrofoam cup (in the lower side about one fourth 

inch from the bottom of the cup). (Note: The hole should allow the aquarium tubing to 
fit snuggly through it. Do not make the hole too big.) A pencil or other object can be 
used for this purpose. 

 
9. Insert one end of the aquarium tubing into the hole in the side of the cup (should be a 

tight fit). Seal the hole with a small amount of caulk. 
 

10. Place the parabolic collector on a raised object such as a book. 
 

11. Place the cup on an object raised approximately 1/2 to 1 inch higher than the collector 
such as 2 books (or a thicker booker). The cup now is on one level and the parabolic 
collector is a half-step lower than the cup. 
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12. Place a water collector (a small jar or beaker) on the tabletop and place the other end of 
the aquarium tube in it. The top of the water collector should be approximately even 
with the platform that the parabolic collector is placed on. Now there are three stairs or 
levels. The cup is the highest, the parabolic solar collector is second highest and the jar 
or beaker is on the lowest level. 

 
 
 

Part B. Performing the Experiment 
 

1. Using the set up from your construction, place the parabolic water heater (collector) 
so that the concave, shiny, aluminum covered side faces the light from the goose 
necked lamp at a distance of 3 cm. 
If performing the experiment in direct sun, carefully move the upper trough to point 
at the sun rather than straight up. Do not look at the sun as you will damage your 
eyes. 

 
2. Measure 100 ml of water in a beaker or graduated cylinder. Record the temperature 

of the water in the beaker or cylinder. 
 

3. Add the 100 ml of water to the Styrofoam cup, which is standing on the top level of 
your set up. 

 
4. Immediately raise or lower the position of the collection jar (which is on the lowest 

stair or level), so that the water flows through the black tubing of the parabolic shiny 
collector at the slowest rate possible. 

 
5. Record the temperature of the collected water in the jar or beaker during the 

collection process, recording the temperature every 30 seconds. Mark the reading 
when all of the water has flowed through the collector and no more is left in the 
Styrofoam cup. 

 
6. If performing the experiment outdoors in the sun, using the Venier sensor to record 

the luminescence of the light source (sun).  Record this every 30 seconds.  Perform 
the experiment twice – once with the collector (and the light sensor) pointing at the 
sun and once away from it. Compare the luminance and temperatures. 

 
7. Keep recording the temperature readings after all of the water has flowed through 

the solar collector for 2 - 3 minutes more. 
 

8. Create a graph to indicate the temperature readings taken every 30 seconds. 
Indicate the time when all the water has flowed through the tubing. 
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9. Interpret the results of your graph to include what happens to the temperature 
during the flow of water and what happens after it has stopped flowing. 

 
ADDITIONAL ACTIVITIES – LAB EXTENSIONS 
 

1. Heat Absorption with Black 
Using the same setup from the Lab Activity, replace the black aquarium tubing with 
clear (unpainted) aquarium tubing and repeat the experiment. Compare the 
temperature readings with ones obtained from the original activity and discuss with 
the class how the black aquarium tubing affected the temperature measurements. 
 

2. Larger Collection Surfaces 
Vary the size of the collector that was made in the Lab Activity by using other items 
such as two paper towel rolls end-to-end, plastic 2 or 3 liter bottles, or even larger 
items such as a plastic barrel or bucket cut in half. Instead of aquarium tubing for the 
larger projects, try garden hoses of different colors (white, green, black) or plumbing 
supplies such as plastic (PVC) or copper tubing. Compare the temperature readings 
with ones obtained from the original activity and discuss with the class any 
differences in temperature measurements.  Larger containers for the water supply 
and water collector should be used if larger collectors are built. 
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Student Data Sheet 

Name_______________________________ 

Date________________________________ 

 

Parabolic Solar Water Heater 

 

Data Table 1. Luminescence Readings 

Time Luminescence Comments 

   

 

Data Table 2. Water Temperature Readings 

Time Temperature Comments 
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Student Data Sheet 

Data Analysis 

1. Graph time versus temperature. Remember to include title and units. Calculate the slope. 

Describe the relationship? 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

____________ 

 

Data Summary 

1. What was the average luminescence during the experiment? 
______________________________________________________________________________
______________________________________________________________________________ 
 

2. What was the temperature of the water when you started? 
______________________________________________________________________________
______________________________________________________________________________ 

 
3. What was the highest temperature reached? 

______________________________________________________________________________
_______________________________________________________________________ 

 
4. How long did the water stay at the highest temperature? 

______________________________________________________________________________
___________________________________________________________________ 

 
5. How could you keep the water at the highest temperature longer? 

______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________ 

 
6. What is the relationship between luminescence and temperature of water? 

______________________________________________________________________________
______________________________________________________________________________ 
 

7. If you were to increase the amount of water flowing through the tube, what would you predict 
the slope between time and water temperature to be? 
______________________________________________________________________________
______________________________________________________________________________ 
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Student Data Sheet 

Assessment Questions 

1. How can the amount of solar energy collected in a passive solar system be increased? 
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________ 
 

2. Why is a parabolic curve used as a solar collector? 
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________ 
 
 

3. Why is the tubing painted black? 
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________ 
 

4. How can you design a bigger and better solar collector? 
______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________ 

 
5. What are some limitations of a solar water heater? 

______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________ 

 
6. How could someone use solar energy on a bigger scale to heat water?  

______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________ 

 
7. Are you currently making use of solar energy? 

______________________________________________________________________________
______________________________________________________________________________
______________________________________________________________________________ 
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Student Data Sheet 

Multiple Choice Questions 
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Teacher Summary 

Time versus Temperature. The graph of this relation should have a positive slope, meaning as 

time increases the temperature increases also. Each time the water passes through the black 

tubing the water heats up. Therefore, with each refilling the temperature of the water increases.  

Understanding the Reading Passage 
 

1. A passive solar system operates with no moving parts and no external energy source other than 
the sun. The system operates from the water pressure from the source and routed to a standard 
water heater. 

2. A passive solar system requires no moving parts or other energy source while an active solar 
system requires multiple equipment and electronics. 

3. A storage tank is important for storing water heated by the solar system while waiting to be 
used within a house. Temperature of the heated water can be controlled at the storage tank. 

4. Installing low flow showerheads and aerators on faucets and adjusting time of day for using hot 
water within a home can extend the effectiveness of a solar water heating system. 

5. A direct, active solar system heats the water in the collectors. 
6. An indirect, active solar system does not heat water directly, but heats another fluid that 

transfers the heat energy to the water. 
7. The two systems are different by which fluid is heated directly. 

8. Answers will vary since this is asking the student’s opinion about solar heating systems. 
 

Assessment Questions 
1. To maximize the amount of solar energy collected in a passive solar system you can increase the 

size of the solar collector, enhance the reflective surface by concentrating the rays on the tank, 
and insure that the position of the tank and system get optimum sunlight. 

2. The parabolic curve concentrates or focuses the sun’s rays on the collector, which maximizes 
the heat energy transferred to the water. 

3. Black absorbs light because it has no color to reflect. 
4. Find materials to further focus the sun’s energy; insulate the collecting tank; check the sun’s 

angle at different times of the year; use a thermal mass under and around the collector, etc. 
5. Some limitations are hot water storage at night, when the sun is not available (good insulation 

would be required) and climate, such as winter in Alaska without sunlight. 
6. Sunlight has no cost; energy bills would be less; less pollution would be emitted. 
7. Accept your students’ answers. Passive solar energy is commonly used if south-facing windows 

receive sunlight in winter or simply if clothes are hung outside in the sun to dry, which saves a 
significant amount of energy. 

 
Multiple Choice Questions 
1 d; 2 b; 3 c; 4 d; 5 b; 6 c; 7 d; 8 a; 9 b (best answer) 
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Vocabulary Definitions 
 
absorb – to gain energy from and reduce the intensity of light (black absorbs) 
 
active solar water heater – a water heater that uses the sun’s energy to heat water and that 
requires equipment such as circulating pumps, collectors, sensors and controller mechanisms 
 
concave – curved like the inside of a circle (looks like a cereal bowl waiting to be filled) 
 
convex – curved like the outside of a circle (looks like a cereal bowl placed upside down) 
 
glazing – covering with glass 
 
heat exchanger – a device that passes heat from one substance to another; in a solar water 
heater, the heat exchanger takes heat harvested by a fluid circulating through the solar panel 
and transfers it to domestic hot water 
 
parabola – a curve formed where a plane intersects a cone 
 
passive solar water heater – a water heater that uses the sun’s energy to heat water and that 
requires no moving parts and no external energy except the sun; uses only water pressure to 
operate 
 
radiation – energy transmitted in the form of waves; passage of energy through open space 
 
reflect – to send back light radiation after striking a surface (materials or objects white in color 
reflect) 
 
solar collector – a device that allows the sun’s rays to heat water or other liquid (can include 
using glass, concentrating solar energy with parabolic shapes, using black to absorb energy, and 
concentrating rays with shiny reflective materials) 
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This lesson plan was developed by Renewable Energy The Infinite Power 

of Texas and was adapted for California by K-12 Environmental Education Global TIES.  

October 24, 2010. 

 

Should you have questions about this activity or suggestions for improvement, 
please contact Professor Jan Kleissl at jkleissl@ucsd.edu. 
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