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Name _____________________
Class ______________
Date _________


Activity C01: Mapping a Flame 
(Type K Thermocouple Temperature Sensor)

Concept
DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

Reactions 
C01 Map a Flame.DS
C01 Mapping a Flame
C01_MAP.SWS

Equipment Needed
Qty
Chemicals and Consumables
Qty

Type K Thermocouple (CI-6526)
1
Candle
1

Bunsen burner and gas supply (optional)
1
Cardboard square, 10 by 10 cm
1

Tongs
1 pair
Matches
1 book

Protective gear


What Do You Think?

[image: image1.wmf]Where is the hottest region of a flame? Where is the coolest region of a flame? Does the temperature in a particular region of a flame remain relatively constant?

Take time to answer the ‘What Do You Think?’ question(s) in the Lab Report section.

[image: image7.wmf]Background

A flame is low temperature plasma. Plasma is the most common form of matter in the universe. Stars consist of high temperature plasmas. The temperature range in a flame can vary significantly depending on the location in the flame. 

A flame is visible evidence of a highly energetic chemical reaction. A candle is made of a solid hydrocarbon called paraffin. The solid has a formula of CnH2n +2. When a candle burns, the hydrocarbon reacts with oxygen to form carbon dioxide and water. The reaction is exothermic. This means that the reaction produces heat along with the chemical products of carbon dioxide and water. 


[image: image11..pict]
The energy generated by the reaction produces heat to melt the solid. The liquid hydrocarbon is drawn up the wick and is burned at the surface of the wick. A candle is a very inefficient source of light. Most of the candle's energy is given off as heat energy. 

On the other hand, the gas supply for a Bunsen burner usually contains many combustible components. Methane is a primary component. The chemical reaction of the complete combustion of methane is:


[image: image2.wmf]
When the burner flame is adjusted for a bluish-colored two-cone structure, it is noisy. To achieve this, air comes from the region around the barrel and is mixed with gas at the base of the burner. By closing the holes at the base of the burner, all the oxygen used for burning comes from the space near the top of the barrel. The flame is quiet. Combustion is not complete and particles of carbon are heated in the flame to produce a yellow color (called a “luminous flame”). 

SAFETY REMINDERS
· Wear protective gear.

· Follow directions for using the equipment.

· Dispose of all chemicals and solutions properly.
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SAFETY PRECAUTIONS
In addition to the normal safety procedures, do the following:

•
Remove flammable and combustible materials from the vicinity of the flame. 

•
Keep a fire extinguisher nearby. 

•
Use the back of your hand to determine whether an object has been heated. Do not touch a heated object until you feel no heat on the back of your hand when you hold it an inch or two above the object.

For You To Do

Use the Type K Thermocouple Temperature Sensor to measure the temperatures across a flame at the bottom, middle, and top of the flame. Then measure the temperatures of the flame vertically from bottom to top. Use DataStudio or ScienceWorkshop to record and display the data.

[image: image8..pict]PART I: Computer Setup
1.
Connect the ScienceWorkshop interface to the computer, turn on the interface, and turn on the computer.

2.
Connect the Type K probe into the Thermocouple’s sensor box. 

3.
Connect the sensor’s DIN plug into Analog Channel A on the interface.

4.
Open the file titled as shown:

DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

C01 Map a Flame.DS
C01 Mapping a Flame
C01_MAP.SWS

· The DataStudio file has a Workbook display. Read the instructions in the Workbook.

· The ScienceWorkshop document has a Graph display of temperature versus time.

•
Data recording is set for ten measurements per second (10 Hz).

PART II: Sensor Calibration and Equipment Setup
You do not need to calibrate the sensor. 

•
If you would like to calibrate the Type K Thermocouple, refer to the instruction sheet for the sensor.

SAFETY ALERT!
•
Review the procedure for lighting a Bunsen burner. If you have a question – ask for help.

•
Use tongs to hold the probe in the flame. Do not use your fingers to hold the probe in the flame.

[image: image9..pict]•
The exposed end of the Type K Thermocouple probe can withstand temperatures above 1000 ˚C. However, the insulation material cannot withstand temperatures above 400 ˚C. Therefore, do not put the insulation material into the flame.

•
Study the diagrams. The general procedure for data recording for Run #1 through Run #3 is to start with the end of the probe on one side of the flame and then slowly and steadily move the end of the probe along a horizontal line through the flame. Move the probe parallel to the tabletop and finish on the other side of the flame. The procedure for Run #4 is to start with the end of the probe at the bottom of the flame and then slowly move the probe vertically to the top of the flame.

1.
Place the candle on a cardboard square to catch any dripping paraffin.

2.
Light the candle and let the flame stabilize. (Hint: Set up a windscreen around the flame if necessary.)

PART IIIA: Data Recording – Measure Temperatures at Bottom, Middle, and Top
1.
Get ready to record data. Put the probe in position near the bottom of the flame.

2.
When everything is ready, start recording data. (Hint: In DataStudio, click ‘Start’. In ScienceWorkshop, click “REC”.)

3.
Slowly and steadily move the end of the probe through the flame along a horizontal line.

4.
When the probe is through the flame, stop recording data.

Let the end of the probe cool down each time before you record more data.

5.
Repeat the data recording process across the middle of the flame. 

6.
Repeat the data recording process across the top of the flame. 

PART IIIB: Data Recording – Measure Temperatures Vertically
1.
Get ready to record data. Put the probe in position near the bottom of the flame.

2.
When everything is ready, start recording data. 

3.
Slowly and steadily move the end of the probe vertically through the flame along a straight line.

4.
When the probe is completely above the flame, stop recording data.

•
If you are finished with data recording, turn off the gas supply to the burner. Make sure that the flame is completely extinguished.

NOTE

If you do Option Part B, be sure to clean off any soot from the probe between each run of data.

OPTION: Bunsen Burner Flames

PART A: “Hot” Flame

Adjust the air openings on the Bunsen burner so the flame has a bluish-colored two-cone structure and the flame is ‘noisy’. Repeat the data recording procedure.

When you are finished collecting data, turn off the gas supply to the burner and make sure the flame is completely out.

PART B: Luminous Flame

Close the air openings on the Bunsen burner so the flame is mostly yellow and is ‘quiet’. Repeat the data recording procedure.

When you are finished collecting data, turn off the gas supply to the burner and make sure the flame is completely out.

Analyzing the Data
1.
Set up your Graph display so you can examine each run of data. (Hint: In DataStudio, the Graph display can show all the data runs. In ScienceWorkshop, use the ‘DATA’ menu ([image: image6.png]


) to select up to three runs at a time.) 

2.
Use the Graph’s built-in statistics to determine the maximum temperature and the average temperature (‘mean’) for each run.

Record your results in the Lab Report section.

Lab Report - Activity C01: Mapping a Flame

What Do You Think?

Where is the hottest region of a flame? Where is the coolest region of a flame? Does the temperature in a particular region of a flame remain relatively constant?

Data Table

Run #
Description
Maximum Temp. (˚C)
Mean Temp. (˚C)

1
Bottom of candle flame



2
Middle of candle flame



3
Top of candle flame



4
Bottom-to-top of candle flame













Questions

1.
Where is the hottest part of the flame? What is the temperature there?

2.
Where is the coolest part of the flame? What is the temperature there?

Optional Questions

3.
Where is the maximum temperature of a ‘noisy’ bluish-colored Bunsen burner flame? What is the temperature there?

4.
Where is the maximum temperature of a ‘quiet’ yellow-colored Bunsen burner flame? What is the temperature there?

5.
Why is the maximum temperature of a ‘noisy’ bluish-colored flame different from the maximum temperature of a ‘quiet’ yellow-colored flame?
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