[image: image1.png]!
MEMO:
T0:Scnce
Reseacnan
PR o v,

Space Agency
Administrator

Background:



Student Workbook

Earth Science Labs with Computers
Part 2

M03: Determine a Spacecraft Surface

Earth Science Labs with Computers

 Student Workbook 

M03: Determine a Spacecraft Surface

Part 2

Student Workbook

Earth Science Labs with Computers
Part 2

M03: Determine a Spacecraft Surface


Memorandum –Activity M03: Determine a Spacecraft Surface - Heat Transfer
To: Space Research Team
From: Joe Venus, Space Agency Administrator
Date: 25 Oct. 2017 AD

Greetings,

First, thank you for the reports on the acceleration of your model rockets. The project manager forwarded the reports to me, and I just finished reviewing them. Your results are very important to the design engineers. 
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The next task deals with the surface of our spacecraft. The design engineers plan to use aluminum metal because it is light, strong, and inexpensive. They need to know what will happen to the temperature of storage tanks and other equipment that is just inside the surface of the spacecraft.

The water storage tanks and some of the other equipment inside the spacecraft must be kept warm. The engineers want to know whether a dark colored aluminum surface can absorb enough radiant energy from the sun to keep the tanks and other items warm inside.

The liquid oxygen and liquid hydrogen tanks need to be kept cold. The engineers want to know whether a shiny aluminum surface can reflect enough radiant energy from the sun to keep the fuel tanks cold inside.

The next section of this Workbook is the Procedure Outline for this activity. It will give you some ideas, but, as always, if you can improve on the methods or materials, please do so. Remember, read and heed the Safety Reminders in the outline.

Refer to the Technical Manual in Appendix B of this Workbook for more detailed information on this task.

I look forward to seeing your reports for this activity. Information about the change in temperature for a shiny surface versus a dark-colored surface is vital to the engineers who are designing our spacecraft. Please submit your reports to the project manager so the manager can forward them to me.

Again, thank you for your efforts. Good luck.

Yours,

Joe Venus
Space Agency Administrator
Procedure Outline – Activity M03: Determine a Spacecraft Surface - Heat Transfer
[image: image6.wmf]This is a LAB activity.
Equipment
Qty
Consumables
Qty

Temperature Sensor (CI-6505A)
2
Water
1 L

Aluminum can, black (TD-8570A)
1



Aluminum can, shiny (TD-8570A)
1
Per Student
Qty

Graduated cylinder, 100 mL
1
Protective gear
1 set

Heat lamp
1



Ruler or Metric tape (SE-8712A)
1



Thermal insulation pad
2



VOCABULARY
conduction
convection
heat
radiation

What Do You Think?

What is the change in temperature of a shiny, unpainted aluminum can compared to the change in temperature of a dark-colored aluminum can when both are exposed to a source of radiant energy?

[image: image7..pict]Take time to answer the ‘What Do You Think?’ question(s) in the Lab Report section.

Background

Heat is thermal energy in transit. Heat transfer happens when two objects are at different temperatures. 

[image: image8..pict]Heat is transferred in three ways: conduction, convection, and radiation. When an aluminum can full of hot water sits in a room, the water transfers heat to the room by all three methods. Heat is transferred by conduction through the sides of the can because air molecules make direct contact with the can. Air molecules that become warm by conduction carry thermal energy with them as they “bounce” their way upward from the can. This is heat transfer by convection. Finally, a small amount of thermal energy leaves in the form of electromagnetic waves that are emitted from the can’s surface. This is heat transfer by radiation.

If an aluminum can full of room temperature water is exposed to a heat lamp, the can will absorb radiant energy. When an object absorbs radiant energy, its temperature usually rises. Some surfaces are able to absorb radiant energy better than others. 

This is a LAB activity. You will use Temperature Sensors to measure the rate of change of temperature for water in two different aluminum cans exposed to a heat lamp. 

SAFETY REMINDERS (LAB)
· Wear protective gear while handling hot objects.

· Follow directions for using the equipment.
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Procedure Outline
[ √ ]
Remember, for more detailed information see Appendix B.

[image: image9..pict]In this activity, use two Temperature Sensors to measure the change in temperature of equal amounts of water in two different aluminum cans as the cans are warmed by a heat lamp.

[   ]
A. Set Up the  Equipment

1.
Prepare the two aluminum cans (one shiny and one painted black). Fill each can with the same amount of room temperature water. 

2.
Place each can on an insulated pad. Keep the cans away from drafts.

3.
Plug in the heat lamp but don’t turn it on yet. Place each can so it is the same distance from the front of the heat lamp.

4.
Connect one Temperature Sensor into Analog Channel A on the interface. Connect the second Temperature Sensor into Analog Channel B on the interface. 

5.
Put Temperature Sensor A into the shiny can and put Temperature Sensor B into the dark can.
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[   ]
B. SET UP THE EXPERIMENT

1.
Connect the sensor to the interface.

2.
Start DataStudio or ScienceWorkshop and open the file as follows: 

DataStudio
ScienceWorkshop (Mac)
ScienceWorkshop (Win)

M03 Heat Transfer.DS
M03 Heat Transfer
M03_HEAT.SWS

[   ]
C. Do the Equipment

1.
Turn on the heat lamp. Be sure that both cans receive the same amount of radiant energy.

2.
Begin recording data. Data points will appear on the Graph display every 10 seconds.

3.
Stir the water in both cans continuously for 15 minutes. Data recording stops automatically.

[   ]
D. Analyze the Data

1.
Examine the Graph display to find the minimum and maximum temperature for each can. 

2.
Record the minimum and maximum temperatures and calculate the change in temperature for each can.

3.
Record your results and answer the questions in the Report.

Report – Activity M03 : Determine a Spacecraft Surface – Heat Transfer
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NAME 
_________________________________ 

CLASS ____________________

DATE 
____________

[   ] What Do You Think?
What is the change in temperature of a shiny, unpainted aluminum can compared to the change in temperature of a dark-colored aluminum can when both are exposed to a source of radiant energy?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

 [   ] Analyze the Data

1.
Use the Graph display to see how much the temperature changes for the water in each can. [Refer to Appendix B for more information about using the Statistics that are part of the Graph display.] Record the results.

Can
Maximum temperature
Minimum temperature
Change in temperature

Shiny




Black




2.
For each Temperature Sensor, sketch the change in temperature. 

.


[   ] Conclusion

______________________________________________________________________________

______________________________________________________________________________

[   ] Questions

1.
How does your answer to the ‘What Do You Think?’ questions compare with the results?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

2.
In this activity, which can of water had the greatest change in temperature?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

3.
Which can of water had the smallest change in temperature?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

4.
Which kind of surface (dark or shiny) should be used on those parts of the spacecraft that must stay cool inside?

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

Complete the following:

VOCABULARY

conduction:



convection: 



heat


radiation: 



Submit this report to your project manager as soon as possible so it can be forwarded to the Space Agency administrator.
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