
 
 

August 11, 2017  H02 
 

 
Lesson Overview: In this activity, students 
explore the shape of the heat plume and the 
three components of the Fire Triangle. The 
lesson includes a total of 3 experiments and 1 
technical reading activity. 
 
Lesson Goals: Increase students’ 
understanding of heat transfer and the 
components of the Fire Triangle. Increase their 
ability to develop and test hypotheses. 
Increase their ability to apply their 
understanding of a concept to real-world 
question. 
 
Objectives:  

• Students can describe the shape of the heat plume from a fire. 
• Students can use the Fire Triangle to explain why specific fires go out. 
• Students can develop hypotheses, test them, and discuss their results. 
• Students can apply theoretical knowledge to practical technology.  

 
Standards:   9th 10th 11th 12th 
Common Core 
ELA Writing Standards 1,4 1,4  
  Speaking and Listening 1,2,4 1,2,4 
  Language Standards 1,2 1,2 
  Science/Technical Subjects 9 9 
NGSS 
  

Chemical Reactions PS1.A, PS1.B 
Matter/Energy in Organisms/Ecosystems LS1.C, LS2.B, PS.D 

EEEGL Strand 1 A,C,D,E,F,G 
  Strand 2.1 B, C 

  

2. The Fire Triangle: Fuel, Heat, and Oxygen 

Subjects: Science, Mathematics, Writing, 
Speaking and Listening, Health and Safety 
Duration: Three ~20 minute experiments.  
Class Arrangement: Whole class and groups.  
Setting: Indoors 
New FireWorks vocabulary: chemical 
change, combustion, Fire Triangle, fuel,  
heat, heat plume, model,  
oxygen, physical change 
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Teacher Background: Students explore the conceptual model called the Fire Triangle. They use 
the Fire Triangle to describe how fires are extinguished and how wildland fires spread. 
 
The Fire Triangle describes the three things necessary for fires to start 
and keep burning: fuel, oxygen, and a heat source. If a fire runs out of 
any of these things, it will stop. This is an appealing model because the 
geometric properties of the triangle are a good analog to the 
requirements for combustion: A triangle is very stable as long as all three 
legs are present, and it collapses if one leg is removed.   
 
This activity contains three experiments. In each successive experiment, the students take on a 
little more responsibility for developing methods of investigation and interpreting results. 
Experiment 1 is highly directed, a “cookbook” experiment: Students observe and describe how 
the heat is dispersed from a burning match. Experiment 2 has a cookbook section followed by a 
section in which students develop their own methods: Students observe burning matches 
pointed in different directions and use the model of the Fire Triangle to explain why the 
matches go out. Experiment 3 requires students to fully develop their own methods: They 
combine vinegar and baking soda to produce carbon dioxide, and they use the carbon dioxide 
to demonstrate that fires require oxygen.  
 
This activity also contains a Technical Reading component, in which students read descriptions 
of various kinds of fire extinguishers and then determine what part(s) of the Fire Triangle are 
removed when each is used. 
 
Detailed science information for this activity is provided in the “Procedure” section (in red ink), 
the handouts, and in the answer key for each handout. 
 
Materials and preparation:  
• Choose your laboratory arrangement. These experiments can produce flames as long as 20 

cm.  
• Locate a video online of an airplane/helicopter dropping fire water on fire. (Example: 

https://www.youtube.com/watch?v=lx7ISzYU2zE (accessed February 2016). Try searching 
with these terms: “helicopter dropping water on fire”).  

https://www.youtube.com/watch?v=lx7ISzYU2zE
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• The day before doing this activity, ask 
students to follow safety guidelines about 
clothing and hair when they get ready for 
school tomorrow:  
o Tie back loose hair.  
o Avoid wearing open-toed shoes, loose 

sleeves, and clothes made of meltable 
fabric such as nylon or polyester.  

• Get a box of long fireplace matches and 
enough boxes of wooden kitchen matches so 
each lab bench can have a least 40.  

• Display the FireWorks Safety poster the in 
classroom. 

• Have a fully charged dry chemical fire 
extinguisher handy. Know how to use it. 

• Make copies of Handouts H01-1, 2, 3, and 4, and optional GraphForDescribingHeatPlume 
for each student or team. 

• Set up each laboratory bench with the following equipment:  
o Spray bottle, filled with water 
o Ruler 
o Metal tray (i.e., cookie sheet) 
o Ashtray 
o Safety goggles 
o Oven mitt 
o Support stand 
o Cross-piece for support stand and clamp, as shown on Handout H02-1 
o Thermocouple (optional for Experiment 2 – only 1 is provided in the trunk) 
o 2 votive candles 
o Box of wooden kitchen matches and 1-2 long fireplace matches 
o Beaker or other container ~20 cm tall 
o Container of baking soda (labeled as baking soda, sodium bicarbonate, or NaHCO3), 

approximately ¼ c per student team 
o Container of white vinegar (labeled as vinegar, acetic acid, or CH3COOH), approximately 

½ c per student team 
o Scoop or spoon for measuring 15 to 60 mL (1 Tablespoon to ¼ cup) 

 
Procedure:  
 
1. Hook: Show a video of an airplane or helicopter dropping water on a wildfire. Ask students 

to explain how putting water on a wildfire may put the fire out. This is a time for 
speculation. You can go into more detail with step 3 below. 
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2. Tell the students that they are going to investigate what makes fires burn and what puts 
them out. To begin, draw a triangle on the board and ask: What three components are 
necessary for fire to burn? Label the three sides of the Fire Triangle: fuel, heat, and oxygen.  
 

3. Explain: If one component of the Fire Triangle is removed, the fire goes out. Ask students to 
use the Fire Triangle to explain how the method used in the video puts out a fire. Water 
removes heat from the fire because (1) it is cooler than the burning fuel so it absorbs heat 
until it reaches the boiling point; (2) as it boils (vaporizes), it absorbs even more heat (the 
latent heat of vaporization); (3) any water that remains in the liquid phase forms a barrier 
between fuel and the oxygen needed for combustion. Vaporization is a physical change 
because the water changes from liquid to gaseous phase but atoms are not recombined to 
form new substances. 
 

4. Split students into teams, one for each lab bench. Have each team review the FireWorks 
Safety poster and report back to you when they are prepared to proceed safely. 

 
5. Have students begin “Experiment 1. Explain where the heat goes”: Give a copy of Handout 

H02-1 to each student or team. Have them read the directions, paying particular attention 
to the safety precautions, and report back to you when they are prepared to proceed safely. 
Emphasize to each Observer that he/she needs to find out how far from a match they can 
first feel heat, not how close he/she can get before experiencing pain! Then instruct them 
to proceed with the experiment. 
• Alternative 1: Use thermocouple thermometers to measure how far out from a match 

they can detect a temperature of approximately 40 oC (100 oF). The FireWorks trunk 
provides only one thermocouple thermometer, so you will need to supply the others. If 
students are using thermocouples, they will also want to measure temperatures inside 
the flame. That is fine; the thermocouple can withstand these temperatures. Do not use 
alcohol or mercury thermometers for this experiment. 

• Alternative 2: Do this experiment as a demonstration, using the thermocouple available 
in the FireWorks trunk instead of having lab teams do it independently.   

 
6. After all teams have completed Experiment 1 and written answers to Questions 5a and 5b, 

discuss their answers as a class. (Refer to the answer key for Handout H02-1 below.)  
 

7. Give a copy of Handout H02-2 to each student or team. Have them read the directions and 
report back to you when they are prepared to proceed safely. When all groups have 
completed the experiment and written answers to Questions 8, 10, and 11, discuss their 
answers as a class. (Refer to the answer key for Handout H02-2 below.)  

 
8. In class discussion, explore the “Oxygen” part of the Fire Triangle in a little more depth: 

Oxygen comprises about 21 % of the air we breathe, and we use only about 20 % of that 
oxygen (5% of the volume of air) in a single breath. If we used it all, we couldn’t use 
cardiopulmonary resuscitation (CPR) to help a person who is not breathing! 
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9. Give a copy of Handout H02-3 to each student or team. Have them read the directions and 
report back to you when they are prepared to proceed safely. When all groups have 
completed the experiment and written answers to Questions 6-8, have each group present 
and explain their demonstration to the class. (Refer to the answer key for Handout H02-3 
below.) 

 
10. Technical reading: Give each student a copy of H02-4: Three Kinds of Fire Extinguishers 

(below). Have students form groups of three. Within each group, one student will read part 
A, one will read part B, and one will read part C. Instruct each student to read his/her 
assigned section. Then each student will describe that particular fire extinguisher to the rest 
of the group and use the Fire Triangle to explain how that kind of extinguisher works. 
Circulate among groups during presentations and listen in. (Refer to the Teacher Key at the 
end of the reading assignment.) 

 
Assessment:  Collect students’ handouts and use the answer keys to check them. 
 
Evaluation:  

 Handouts (25 points each) 
Excellent 100% 
Good 88% 
Fair 75% 
Poor 62% 

 Technical Reading (25 points) 
 Full Credit  Partial Credit  No Credit  
Explanations Clearly explained strong 

connections between the 
Fire Triangle and how the 
fire extinguisher works.  

Student made weak 
connections between 
fire extinguisher and 
Fire Triangle. 

Made inaccurate or no 
connections between the 
fire extinguisher and Fire 
Triangle. Unclear if student 
understood how fire 
extinguisher worked. 

Presentation Comfortable with 
information. Presentation 
was well organized. 
Speech was clear. Took 
presentation seriously.  

Student was mostly 
comfortable with 
information but unsure 
at times. Fairly 
organized. Clear 
speech.  

Uncomfortable with 
information. Presentation 
was poorly organized. 
Difficult to hear. Student did 
not take presentation 
seriously.  
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Handout H02-1. Experiment 1. Explain where the heat goes.         

Name ___________________________ 

Your objective is to describe the shape of the heat plume from a 
single, downward-pointing match. Set up your lab space: 
• Place the metal tray on a heat-resistant surface.   
• Set the support stand in the center of the tray. 
• Attach the clamp to the stand.   
• Attach the cross-piece to the clamp so it forms a "+" with the 

stand.  
• Attach one match to an alligator clip so the tip points down.   
 

Before beginning, read all of these directions together. 
1. Plan your team roles:  

o Observer: Use your hand to detect how far from the burning match you can detect a 
change in temperature. This is the edge of the heat plume. Always start your 
observation from at least 30 centimeters out from the burning match and bring it in 
toward the flame until you detect a temperature change. This is the outer edge of the 
heat plume. The point is to detect heat, not to determine how much heat you can 
tolerate!! Check a ruler so you know how big 2 centimeters is. Never bring your hand 
closer than that to a burning match. Never place your hand directly under a burning 
match, in case the tip should fall off; instead, place your hand slightly off to the side.  

o Measurer: When the observer has detected heat, measure the distance from the flame 
to the observer’s hand. Use a ruler, but do not place it close to or in the flame. If the 
observer does not detect heat from the match at the 2-centimeter distance, record the 
2-centimeter point as your measurement.  

o Igniter/Recorder: Record the Measurer’s data. 

2. Figure out how to record your data. Design a data sheet.  

3. When everyone is ready, use a separate match to light the downward-pointing match in the 
alligator clip. Make observations from one side. Record your data. Use the oven mitt to 
remove the burned match and insert a new one. Repeat this step until you have at least 2 
measurements from each side of the flame, from beneath the flame, and from above it. 

4. On a sheet of graph paper, or on the GraphForDescribingHeatPlume, make a sketch of your 
experimental set-up and graph your data. Then smoothly connect the points to show the 
approximate shape of the heat plume. 

5. Underneath your sketch, answer these questions using complete sentences: 

a) When you burn a match in still air, where does most of the heat go? Use the results of 
your experiment in your explanation. 

b) How would you expect this pattern to change if there is a slight breeze in the air?  

Downward-pointing match 

clamp 

cross-piece 
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Handout H02-1. Answer Key to Experiment 1. Explain where 
the heat goes. 
4.  

 
 
5. Underneath your sketch, answer these questions using complete sentences: 

a) When you burn a match in still air, where does most of the heat go? Use the results of 
your experiment in your explanation. Most of the heat goes upwards. Some of it goes 
down and sideways. Results may look something like this. This graph of the heat plume 
shows that heat could be felt from 20 cm above, 8 cm from the sides, and only 3 cm 
from below. 
 

b) How would you expect this pattern to change if there is a slight breeze in the air? The 
flame and the heat plume are likely to lean in the direction of any air movement. Wind 
is not likely to make the heat plume lean over very far though, because it will probably 
extinguish the match first (by blowing the heat away from the fuel).  

  

Approximate shape 
of heat plume 

Tip of burning 
match 
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Handout H02-2. Experiment 2. Explain why matches go out. 
 

Name _________________________________ 

Your objective is to figure out what part(s) of the Fire Triangle are removed when downward-
pointing and upward-pointing matches go out. Use the support stand set up from Experiment 1.  

Before beginning, read all of these directions together. 

1. Decide what you will observe and how you will measure it. Develop a table for recording 
your data.  

2. Plan your team roles. Write them down below your data table. 

3. Show your data table and team roles to the teacher. When you have his/her approval, 
proceed: 

4. Attach a downward-pointing match to one alligator clip and an upward-pointing match to 
the other.  

5. When everyone is ready for his/her role, use a separate match to light either the 
downward- or upward-pointing match. Record your observations. You may burn as many 
matches as needed to meet your objective.  Burn one match at a time. Always use the 
oven mitt to remove burned matches. 

6. Observe how each match burns and goes out.  

7. Discuss how the Fire Triangle might explain why the matches go out.  

8. Below your data table, use complete sentences to explain why the matches went out. Use 
the Fire Triangle. You may have several explanations. You may have different explanations 
for the downward-pointing and upward-pointing matches.  

9. These explanations are your hypotheses. Now figure out how to further test your 
hypotheses. Do you need to repeat the experiment, change it in some way, or record 
different information? Write down your next step, design a data table, and determine your 
team roles. Check with the teacher. Once you have his/her approval, proceed.  

10. In complete sentences, write your final hypothesis for why downward-pointing matches go 
out and your final hypothesis for why upward-pointing matches go out. Use the Fire 
Triangle.  

11. Use complete sentences to explain how you could use what you have learned from 
Experiments 1 and 2 to predict the spread of a wildland fire that starts on a hillside. 
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Handout H02-2. Answer key to Experiment 2. Explain why 
matches go out. 
 

A potential data table might look like this: 
 

Match is pointing… Down Up 
Flame length (centimeters).  

    
Duration of burning (seconds)?  

  
 
Roles might include an igniter, observer, measurer, and recorder. 
 
Questions 8 and 10 – hypotheses: 
 
Why did the downward-pointing matches go out? The downward-pointing matches went out 
mainly because they ran out of fuel. However, if a small piece of match was left in the alligator 
clip, lack of fuel cannot be the full explanation. Lack of heat probably contributed, since some of 
the heat was conducted away into the alligator clip. Lack of oxygen may have contributed a 
little as well, since the clip prevented oxygen from getting to the entire surface of that little 
remnant of fuel. 
 
Why did the upward-pointing matches go out? Most of the upward-pointing matches probably 
went out before they burned down all the way down to the alligator clip. Thus, lack of fuel 
cannot be the explanation. It cannot be lack of oxygen either, since there is no evidence that 
the upward-pointing matches have less access to oxygen than the downward-pointing matches; 
furthermore, the students have not experienced any trouble breathing (unless someone is 
highly sensitive to smoke), which would indicate that there is no shortage of oxygen in the air. 
The matches went out mainly because heat was going up, away from the fuel. Thus the 
explanation lies in the relationship between two components of the Fire Triangle. 
 
Question 11. Use complete sentences to explain how you could use what you have learned 
from Experiments 1 and 2 to predict the spread of a wildland fire that starts on a hillside. 

Fire is likely to spread more rapidly uphill than downhill because most of the heat goes uphill. 
When the fuel is above the heat source (as with the downward-pointing match), it burns quickly 
and completely. When fuel is below the heat source (as with the upward-pointing match), it 
burns slowly or not at all. 
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Handout H02-3. Experiment 3. Prove that fire requires oxygen.         
 

Name ___________________________ 

Your objective is to show that fire requires oxygen. To do this, you need to have some kind of 
gas to replace oxygen. You will create and use carbon dioxide for this purpose. 

Background: When you were younger, you may have poured vinegar into a cup of baking soda 
to create a “volcano.” The process created a froth that quickly foamed up and out of the cup. 
The bubbles in the froth were made of carbon dioxide. You will use this technique to create a 
gas that can replace oxygen in a container. Here is the chemical explanation:  

Vinegar combines with baking soda to produce carbonic acid and sodium acetate [equation 1].  
The sodium acetate stays dissolved in water, while the carbonic acid breaks down into carbon 
dioxide and water [equation 2]. This process is a chemical change because atoms are 
rearranged to form different kinds of substances. 

 
[1] vinegar + baking soda → carbonic acid  + sodium acetate 

 (acetic acid)  (sodium 
bicarbonate) 

    

 CH3COOH 
 

NaHCO3 
 

H2CO3(aq)  NaCH3COO(aq) 
 

[2] carbonic acid  → carbon dioxide + water   
 H2CO3(aq)  CO2  H2O   

      
The atomic weight of carbon (C) is 12 g. The atomic weight of oxygen (O) is 16 g. 

 
Procedure: Develop a plan for using the materials at your lab 
bench to create carbon dioxide and to show that fires require 
oxygen. Explain your plan to the teacher. When you have 
his/her approval, proceed. As you are working, note any 
safety issues that arise and address them right away. After 
your first attempt, spend some time changing your approach 
and trying different things.  

Once you developed a method that works and demonstrated that it is repeatable, on a 
separate sheet of paper:  

1. Describe your favorite or final method.  
2. Record all safety issues that arose and how you addressed them. 
3. Record one experimental approach you tried that did not work as well as your favorite/final 

approach.  
4. Consider the molecular weights of CO2 and O2 and the Fire Triangle to explain how your 

demonstration proves that fire requires oxygen. 
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Handout H02-3. Answer key to Experiment 3. Prove that fire 
requires oxygen.         
 
1. Describe your favorite/final method. Here are 3 possible demonstrations. No doubt there 

are others! 
• Make CO2 in a container by mixing vinegar with baking soda. Insert a burning match into the 

container. It will be extinguished as soon as it enters the CO2 layer. 
• Place a candle inside a container. Spoon 10-20 cm3 of baking soda around its base. Pour 

about 50 mL of vinegar in. Then try to light the candle. Again, the match will be extinguished 
as soon as it enters the CO2 layer. 

• Place a candle on the metal tray. Make CO2 in a container. After the froth settles a bit, pour 
the CO2 from the container over the candle – without pouring out any of the liquid at the 
bottom of the container. (This feels a little bit like pantomime, since the CO2 is invisible.) 
The CO2 will put out the flame. 
 

2. Record all safety issues that arose and how you addressed them. These could include:  
• Because heat rises, it is best to use a long fireplace match to try to light a candle inside the 

container. 
• Should you reach your hand into a container that contains a burning candle? You could try 

the oven mitt, but it could burn. You can tilt the container, but your CO2 will pour out.  
• The flame can get long (and hot) on the long fireplace match. Don’t hesitate to blow out 

match and try again. Might use the oven mitt to hold the match. 
 

3. Record one experimental approach you tried that did not work as well as your “final” 
approach. ….. 
 

4. Consider the molecular weights of CO2 and O2 and the Fire Triangle to explain how your 
demonstration proves that fire requires oxygen. 

 
After the chemical reaction is complete, the container contains CO2 rather than O2. The CO2 

stays on the bottom of the container because it is heavier than O2, as we can see from this 
calculation of the molecular weights of the two compounds: 

        Element         Atomic weight 

      Carbon (C)     12 g 

      Oxygen (O)     16 g 

A mole of CO2 weighs  12 g + 2 * 16 g = 44 g 

A mole of O2 weighs  2 * 16 g  = 32 g 

Fires cannot burn in this oxygen-deprived environment. 
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Handout H02-4: Three Kinds of Fire Extinguishers 
Read your assigned section. Then describe your fire extinguisher to your group and explain 
how it works by stating which part(s) of the Fire Triangle is/are removed. 
 

A: Air Pressurized Water Fire Extinguishers 
Different types of fire extinguishers are designed to fight different types of fire. The three 
most common types of fire extinguishers are: air pressurized water, CO2 (carbon dioxide), 
and dry chemical. An air pressurized water fire extinguisher (labeled A) should be used to put 
out fires in paper, cloth, wood, rubber, and many plastics. Water is one of the most 
commonly used extinguishing agents for type A fires. You can recognize an air pressurized 
water extinguisher by its large silver container. They are filled about two-thirds of the way 
with ordinary water, then pressurized with air. In some cases, detergents are added to the 
water to produce foam. They stand about two to three feet tall and weigh approximately 25 
pounds when full. Air pressurized water extinguishers put out fires by cooling the surface of 
the fuel. https://www.osha.gov/SLTC/etools/evacuation/portable_about.html  

B: CO2 Fire Extinguishers 
Different types of fire extinguishers are designed to fight different types of fire. The three 
most common types of fire extinguishers are: air pressurized water, CO2 (carbon dioxide), 
and dry chemical. A carbon dioxide fire extinguisher (labeled B) should be used to put out 
fires in oils, gasoline, some paints, lacquers, grease, solvents, and other flammable liquids. 
This type of extinguisher is filled with carbon dioxide (CO2), a non-flammable gas, under 
extreme pressure. Because of the high pressure, when you use a CO2 extinguisher pieces of 
dry ice shoot from the horn. These pieces have a cooling effect on the fire. You can recognize 
this type of extinguisher by its hard horn and lack of a pressure gauge. CO2 cylinders are red 
and range in size from five to 100 pounds or heavier.  
https://www.osha.gov/SLTC/etools/evacuation/portable_about.html 

C: Dry Chemical Fire Extinguishers 

Different types of fire extinguishers are designed to fight different types of fire. The three 
most common types of fire extinguishers are: air pressurized water, CO2 (carbon dioxide), 
and dry chemical. A dry chemical fire extinguisher (labeled C) should be used to put out fires 
in wiring, fuse boxes, energized electrical equipment, computers, and other electrical 
resources. Dry chemical extinguishers put out fires by coating the fuel with a thin layer of fire 
retardant powder. The powder also works to interrupt the chemical reaction, which makes 
these extinguishers extremely effective. They contain an extinguishing agent and use a 
compressed, non-flammable gas as a propellant. 
https://www.osha.gov/SLTC/etools/evacuation/portable_about.html 

 
  

https://www.osha.gov/SLTC/etools/evacuation/portable_about.html
https://www.osha.gov/SLTC/etools/evacuation/portable_about.html
https://www.osha.gov/SLTC/etools/evacuation/portable_about.html
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Handout H02-4. Teacher Key:  
Explanations for “Three Kinds of Fire Extinguishers” Reading  
  
 

A: Air Pressurized Water Fire Extinguishers 
Air pressurized water extinguishers put out fires by cooling the surface of the fuel to remove 
the "heat" element of the Fire Triangle. For more details see step 3 in “Procedure” above. 
The water may also block the fuel surface from its contact with oxygen. 
B: CO2 Fire Extinguishers 
CO2 fire extinguishers put out fires by cooling the surface of the fuel to remove the "heat" 
element of the Fire Triangle. The carbon dioxide also displaces oxygen. 
C: Dry Chemical Fire Extinguishers 
Dry chemical extinguishers put out fires by coating the fuel with a thin layer of fire retardant 
powder, separating the fuel from the oxygen. The powder also works to interrupt the 
chemical reaction, which makes these extinguishers extremely effective. “Interrupting the 
chemical reaction” means that less heat is produced, which slows the burning process.  

 


