An Insulated Cola Bottle


Insulation slows the flow of heat. Glass, plastics such as Styrofoam, wool, fiber glass, aluminum foil, air, and a vacuum are some of the many ÒmaterialsÓ used for heat insulation. Homes and insulated devices, such as vacuum bottles and coolers, often use a combination of insulating materials. In this experiment, you will first study the heat insulation properties of some materials. Then you will compete with your classmates in an attempt to build the best insulated cola bottle.





OBJECTIVES


In this experiment, you will


investigate the insulating properties of aluminum foil, paper (cardboard), and plastic (Styrofoam)


use a computer to measure temperatures


determine change in temperature, (


make a bar graph of the (t values


compare the effectiveness of different insulation materials


build a well-insulated cola bottle








MATERIALS


Power Macintosh or Windows PC�
aluminum foil-covered glass bottle�
�
Vernier computer interface�
paper-covered glass bottle�
�
Logger Pro   �
Styrofoam-covered glass bottle�
�
2 Vernier Temperature Probes�
hot water�
�
glass bottle�
�
�






�


Figure 1


PROCEDURE


Part I  Investigating Insulation


1.	Obtain and wear goggles.


2.	Get 4 identical cola bottles. Wrap one with a layer of aluminum foil (shiny side in), one with cardboard (or paper), and a third one with Styrofoam or another plastic material. One of the four bottles will remain unwrapped.


3.	Prepare the computer for data collection by opening the Experiment 12 folder from Physical Science with Computers. Then open the experiment file that matches the probe you are using. The vertical axis will have temperature scaled from 30 to 80¡C. The horizontal axis will have time scaled from 0 to 25 minutes.


4.	Get 2 slit stoppers that properly fit your bottles. Carefully fit the stoppers onto the probes.


5.	Fill the uncovered bottle and the aluminum-covered bottle with hot water, allowing just enough empty space for the stoppers. Be careful not to get the insulation materials wet. A good way to fill the insulated bottles and keep their insulation dry is to first completely fill the uncovered bottle and then use a funnel to transfer its contents to an insulated bottle.


6.	Collecting data


Insert the slit stoppers and probes into the proper bottles.





Probe 1 Ð uncovered bottle


Probe 2 Ð aluminum-covered bottle





When both probes have warmed to the temperature of the water (all temperature readings have stopped rising), quickly restart temperature measurement. Your data are now being Click � EMBED Word.Picture.6  ��� to begin measuring temperatures and watch the readings.


collected.





7.	Data collection will end after 25 minutes. When data collection has ended, click the Statistics button, � EMBED Word.Picture.6  ���, then click � EMBED Word.Picture.6  ��� to display a box for both probes. Record the beginning temperature (Max) and final temperature (Min) for each bottle.


8.	Repeat Steps 5Ð7 for the paper-covered bottle and the Styrofoam-covered bottles. Note: It is important to begin with the hot water temperatures close to those in Step 5.





Part II  Class Competition


9.	Design and build a well-insulated cola bottle following these rules:


The inside bottle must be identical to those used in Part I.


Any insulating materials can be used.


The maximum total volume of the insulated container (including insulating material) is 1.00 liter.


The maximum total mass is 200 grams.


Insulation efficiency will be tested using the Part I procedure.





�
DATA





Temperature(¡C)


			uncovered	aluminum-	 paper-		Styrofoam-	Part II


						  covered	covered	  covered


	Beginning	  ______	  ______	______	  ______	______


	Final		  ______	  ______	______	  ______	______








PROCESSING THE DATA


	1.	Calculate the temperature change, (t, for each bottle in Part I by subtracting the final temperature from the beginning temperature ((t = tbeginning Ð tfinal).


			uncovered	aluminum-	 paper-		Styrofoam-	Part II


					  covered	covered	  covered




















2.	Make a bar graph of the Part I results. Plot BOTTLE (uncovered, aluminum-covered, etc.) on the horizontal axis and (t (in ¡C) on the vertical axis.


3.	Look at the data, the (t values, and the graph. Compare the insulating abilities of the materials used in this experiment.























4.	Discuss how aluminum foil slows the transfer of heat.























5.	Discuss how Styrofoam slows the transfer of heat.

















�
6.	What is the purpose of the unwrapped bottle in this experiment?


























7.	Describe how you will prepare your bottle for the Òbest-insulated bottle competition.Ó



































EXTENSIONS


1.	Repeat the experiment using cold water instead of warm water.


2.	Investigate the insulation properties of other materials.
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