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The Arctic Solar Design Challenge
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 The Arctic Solar Shelter Design Challenge

Teams of researchers travel to the western coast of Alaska to study the summer populations of birds in the Arctic Region near the town of Kotzebue, Alaska. They may need a shelter that will keep them comfortably warm when they are not doing their field research.  

Because Kotzebue is located just 33 miles north of the Arctic Circle, there are 20 days each year when there are 24 hours of daylight.  The summer solstice is in the middle of that 20 day period.


During those 20 days, the sun begins each day just above the northern horizon and slowly rises into the eastern sky at about 6:00 AM. The sun continues to rise into the southern sky and reaches a maximum altitude at midday.  The sun then sinks slowly to the west at about 6:00 PM before falling to the just above the northern horizon at the end of the day.

The people of Kotzebue see 24 hours of daylight for about 20 days because the Northern Hemisphere of Earth is tilted toward the sun during the spring and summer months.  On the day of the summer solstice, the maximum attitude of the sun in Kotzebue is 46º above the southern horizon.  Data Table #1 indicates when the sun is also approximately 46º above the horizon in cities at lower Latitudes. 
Data Table #1

	Corpus Christi, Texas
	February 5th

	Charlotte, North Carolina
	February 27th

	Flagstaff, Arizona
	February 27th

	Columbia, Missouri
	March 7th

	New York City, New York
	March 12th

	Redding, California
	March 12th

	Detroit, Michigan
	March 17th

	Boston, Massachusetts
	March 17th


The Arctic Solar Shelter Design Challenge


There are many passive solar homes that are constructed in the cities listed in Data Table #1. This raises a very interesting question.  Would it be possible to design a portable, passive solar shelter for Arctic researchers to use in the Kotzebue area?  This is a question that you will try to answer as you design, construct, and test the performance of an Arctic solar shelter. 

   www.umassk12.net/ipy
A STEM ED Program at the University of Massachusetts, funded by the National Science Foundation and supported by the Climate System Research Center in conjunction with the International Polar Year 

[image: image1.png]


                             [image: image2.png]s



                                  [image: image3.png]CLIMATE SYSTEM
RESEARCH CENTER




The Materials: Each team will be provided with:
· two photocopier paper boxes,

· clear plastic food wrap,

· heavy duty scissors

· thermometers,

· aluminum foil,

· different colors of paper,

· other easily obtained materials.

Scientific Variables to Consider: There are three types of variables that are recorded during a series of trials during a scientific experiment.
· Controlled variables do not change from one trial to the next.  In this activity, an example of a controlled variable could be the colors of paper that you use to create a model of a polar landscape.  

Question 1: What are other variables could be established as controlled variables during a series of trials with a model of a passive solar collector?

· Independent variables are manipulated during a scientific experiment.  In this activity, an example of an independent variable could be the distance of the light source from your model of a polar landscape.

Question 2: What are other examples of an independent variable in this design challenge?

Question 3: Why is it important that you only change one independent variable between one trial and the next?

· Dependent variables are variables that change as a result of a manipulation of an independent variable.  

Question 4: What is an example of a dependent variable in this design challenge?

Design a Controlled Investigation

One duplicator paper box can be used to determine how changing one independent variable affect a dependent variable.  You can build two identical boxes for your first trial.  Both boxes could have the same window area, the same amount of insulation, and the same interior color.  


The, during a second trial, one features of the experimental model could be changed.  As an example, you could decrease the window area in the experimental model.  A second trial could then reveal the affect that changing an independent variable has on a dependent variable.
Determine when the Arctic Solar Shelter can be tested.

Average high temperatures in Kotzebue range from 50ºF around the time of the summer solstice to 60º F at the beginning of August.   The average low temperatures range from 40ºF around the time of the summer solstice to 50º F at the beginning of August.
Option 1: There will be a time period at your Latitude when the midday altitude of the sun is similar to the midday altitude of the sun in Kotzebue on the day of the summer solstice.  During that time period, there may also be days when the average temperatures where you live are also similar to the average temperatures in Kotzebue on the first day of summer.
Option 2: You can also conduct trials on any day when the average temperature where you live are similar to the average temperatures in Kotzebue on the first day of summer.  However, you may need to tilt your model of a polar solar shelter so that the angle of incidence of the sunlight entering your model is that same as it would be in Kotzebue on the first day of summer.
Orienting the Collectors for the First Trial


When solar architects design a solar structure they design a plot plan that indicates the orientation of the structure relative to Geographic North.  Your team will also need to construct a plot plan that will reveal the orientations of both the baseline and experimental collectors during a trial.  
Collecting Data


Develop a procedure for collecting adequate temperature data during each trial. This may require the use of more than one thermometer.  Be sure to also record outside air and ground temperatures, weather conditions, etc.
Potential Independent Variables to Change for a Trial: There are quite a number of independent variable to investigate as you refine your design of an Arctic Solar Shelter.  They include:

· Window area

· Interior colors

· Wall insulation

· The angle at which sunlight enters the model

· Moving insulation material to cover windows 

· Ground temperature

· Materials to absorb and store heat energy

· Reflectors to redirect sunlight

· Openings in the walls of the model

Forming a Hypothesis for a Trial

Before you conduct a second trial, you could form a hypothesis about how changing one feature of the experimental model would affect the performance of the model.
Additional Trials


After reviewing the performance of the passive solar collector during the first trial, each team can make adjustments in the design and conduct additional trials. 

Cool Down Trials


Windows are very poor insulators.  A trial can also include a determination of the rate of temperature decrease (an energy loss to the surroundings) after sunlight has been transformed into heat energy. Insulating materials can be used to cover window areas to reduce the loss of heat energy to cooler surroundings after solar energy has been collected.
Calculating the Energy Gain (or Loss) for a Trial   


The amount of heat energy gained or lost by the air in your collector during any trial can be calculated using the formula:  Q = (m) (c) (ΔT) where:

· Q = the number of Calories or Joules of heat energy gained or lost

· m = kilograms of material (The density of air is 1.18 grams/liter at 25° C)

· ΔT = change in temperature

· c = the specific heat of air is shown in the following table.  




                              Specific Heats

	material heated
	Joules/kg/Co
	Calories/kg/Co
	BTU/pound/Fo

	air
	1006
	0.24
	0.24

	water
	4190
	1.0
	1.0

	sand
	671
	0.16
	0.16


Calculating the Power Rating for a Trial

The rate at which sunlight is transformed into heat can be calculated as a power rating of your passive solar collector using the following formula:
Power (Watts) = Joules / second 
Communicate Your Results

  After the final trial, your team will need to design and develop a brochure that describes how well you team was able to be the design goal for a passive solar collector. 

