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Lesson Title: Why is My Honey Runny?

Draft Date: 7-15-10
1st Author (Writer): Nancy L. Boyle
2nd Author (Editor/Resource Finder): 

Instructional Component Used: Viscosity

Grade Level: 6th-8th 

Content (what is taught): 

· What viscosity is and how it is used

· Viscosity’s importance in substances like motor oil

· How viscosity is affected by contaminants and temperature

Context (how it is taught):

· Explore viscosity and its importance in our lives
· The affects of additives and heat on viscosity will be discovered
· Identification of viscous and non-viscous substances

Activity Description: 

Students will discuss viscosity and then conduct inquiries in order to discover its properties.

Standards:

Science: SA1, SA2, SB1, SE2
Technology: TA3, TC1, TC4 

Engineering: EB2, ED2
Math: MB1, ME1
Materials List: 

· Viscous liquids (honey, ketchup, pudding, corn syrup, liquid soap, motor oil, 90 weight oil, etc.)
· Non-viscous substances (water, vinegar, vegetable oil, etc.)

· Contaminants such as sand, soil, cornstarch, flour, salt, and sugar
· Safety glasses

· Heat source

· Ice

· Salt

· Beakers

· Stirring sticks

· Graduated cylinders

· Beads or ball bearings

· Aluminum foil

· Cardboard

Asking Questions: (Why is My Honey Runny?)
Summary: Students will brainstorm a definition of viscosity and predict how that applies to different substances in their everyday lives. 

Outline: 

· Students will view a short video 
· Students work with a partner to write a definition of viscosity
· Students will continue to explore viscosity through teacher demonstrations and questions
Activity: Students will start by viewing an old Heinz ketchup ad on You Tube (http://www.youtube.com/watch?v=PEk9ULpRhL4&feature=related).
The teacher might have the students work with a partner in answering the questions.
	Questions
	Answers

	What’s the point of the ad?
	One ketchup is thicker—and consequently better.

	The add is really about a characteristic of liquids called viscosity.  What would you guess that means?
	Varied answers, but probably most will center on how thick/thin something is.  If help is needed the teacher could pour water and ketchup/corn syrup.

Define viscosity as how well a liquid resists flow or resists being deformed.

	What are some examples of liquids with very little viscosity?
	Varied answers: water, alcohol, vinegar…

	How about liquids with a great deal of viscosity?
	Honey, corn syrup, ketchup.

	What are ketchup’s ingredients (possibly have two types—one with and one without corn syrup in it (Hunts has a non-corn syrup variety which is still thick)?  Vinegar and water are big ingredients.  So why does the ketchup have so much viscosity?
	Varied answers, but they will likely agree that it is because it has other ingredients in it.

	The teacher will pour from two bottles: s/he will say that the ingredients in both (just plain corn syrup or honey) are identical.  Yet one will pour much slower (it has secretly been kept cold).   Ask: Why is the one so much more viscous?
	Varied answers.  If they don’t figure it out, take the two bottles to each group so that they can feel them.  

	So then, what affects a liquid’s viscosity?
	The ingredients/impurities and its temperature.

	Have clear beakers-one with mineral oil, one with10w-30 (or any similar motor oil) and one with 90 weight oil.  Ask them to predict which will be more viscous.  Then drop a bead into them at the same time.  
	They will most likely have predicted that the mineral oil will be least viscous and the 90w the most.  Again, due to the impurities in them.  (They will likely notice the distinct smells.)

	How do you think it could be measured?
	Varied answers.  The flow is measured through a device or balls (much like the beads) are dropped and the rate of falling is measured.

	Show several bottles of oil (or ads with the ratings’ numbers listed)  Explain that the numbers do refer to the viscosity.  The “W” refers to how viscous it acts in the winter (a 5W will seem thinner in winter than a 10W).  Why does the viscosity matter?
	If oils are too thick or too thin they won’t lubricate the engine well.  

	Why does viscosity matter in other materials such as food?
	Varied: We don’t want milkshakes that are too thin.  We like gravies and salsas to be a certain way…  


Materials:
· Ketchup

· Corn syrup

Exploring Concepts: (Why is My Honey Runny?)
Summary: Students will explore the viscosity of everyday substances. 
Outline: 

· The teacher will demonstrate viscosity via the pouring of two disparate liquids (such as honey and water)

· Students will compare the viscosities of substances and then seek to increase and decrease the viscosities of each
Activity: Each team of students will be provided a sample of a substance (corn syrup, gelatin, and ketchup are possible items).  The teams will be given 10 minutes to lower the item’s viscosity.  Each team will then “race” a tablespoon of their substance against the other teams.  The races will be akin to a pinewood/soapbox derby: in this case an inclined plane covered in foil—the first one to reach the bottom wins (or the one to get farthest in a specific time).  The inclined plane will need to have a shallow slope for this race since it can be expected that some samples will be nearly as thin as water.  A heat source will be available if any students wish to use it.  A microwave, operated by the teacher, could be used as this heat source.  Hot tap water could also be used to safely heat samples in test tubes or other small containers.  No volatile liquids such as alcohol or oil will be exposed to any heat source other than a hot water bath!  No highly volatile or toxic liquids of any kind shall be used.  An ice bath should also be available at this time in case students believe that cold will lessen the viscosity.  Any reasonable strategy may be used.  Dilution with another liquid such as water may need to be limited to a certain amount of dilute/sample.  For example, if students are given 100 ml of a liquid, no more than 50 ml of contaminants may be added.  A variety of substances should be on hand for student use during this lab.  

Students will then be given a new sample and given 10 minutes to increase the viscosity as much as possible.  Again, limits will need to be placed on the amount of dry substances students are allowed to add or else they’ll be “racing” solids.  The samples must retain the properties of a liquid-no definite shape (conforming to its container).  They may use the ice or hot water bath if they wish along with the other available contaminants (see below).  One-tablespoon samples will be “raced” as above.  This time the least movement down the slope wins.  However, if the “winner” shows no movement during the race period (perhaps 2 minutes), then it will not count as a liquid and thus be disqualified.  The slope of the foil racetrack may need to be steepened for this race so that the samples will flow.

Materials:

· Samples of ketchup, vegetable oil, mineral oil, vinegar, water, pudding, corn syrup, Jell-O/gelatin, liquid detergent, corn starch, sugar, and salt

· Long piece of cardboard for the racetrack (such as the side piece from a stove or refrigerator box)

· Aluminum foil to cover the cardboard

· Containers to mix the substances and craft sticks for mixing

· Ice

· Hot tap water or a microwave.  

Instructing Concepts: (Why is My Honey Runny?)
Viscosity
Viscosity is a quantity that describes a fluid’s resistance to flow.  In general, fluids that are “thin” have a low viscosity where fluids that are “thick” have a high viscosity.  It can also be thought of as a fluid’s resistance to change shape.  Water when poured easily takes on the shape of a new container so it would have a low resistance to change from and hence a very low viscosity.  On the other hand, a fluid like heavy corn syrup is much more resistant to shape change and has a higher viscosity.  Simply, the less viscous the fluid the easier it moves when stressed.  NOTE:  Even though this instructional component is geared toward fluids, gases have a measurable viscosity and behave in ways similar to fluids.  Some researchers will argue that any material, including solids, can be said to have viscosity.

Temperatures Affect on Viscosity: As a rule, the higher the temperature of a fluid the less viscous the fluid becomes.  Also, the lower the temperature of a fluid the more viscous it becomes. Take for instance a fluid like bacon grease.  When it is cool, it appears almost solid and is very resistant to shape change (high viscosity).  When it is heated it becomes a very thin liquid, which flows very easily (low viscosity).  

Measuring Viscosity: Viscosity is ordinarily expressed in terms of the time required for a standard quantity of the fluid at a certain temperature to flow through a standard orifice.  The more time it takes to flow through the orifice (higher value for viscosity) the more viscous the fluid.  Since viscosity varies inversely with temperature, it is critical that the temperature at which viscosity was determined accompany the measurement of viscosity.  

Changing the Viscosity of a Fluid: The easiest way to change the viscosity of a fluid is to change the temperature of the fluid.  Heating or cooling can have a dramatic affect on viscosity.  This is why it is so critical that when measuring viscosity the temperature remain constant.  Other means of changing viscosity might be to “contaminate” the fluid with solid matter or another liquid.  If using solid material the “contamination” level must not become to high or the properties of the original fluid will not be relevant anymore.  When mixing different fluids to change the viscosity, the new viscosity tends to become the average of the viscosities of the fluids mixed (if the fluids combine).  If the fluids don’t mix like oil and water the viscosities will not average.

A Few Final Notes: Viscosity is important in fluid dynamics.  There are times that high or low viscosities are desired depending on whether you want resistance or not.  In automobiles, the oil (and its inherent viscosity) plays a critical role in engine performance.  In the areas of engineering, technology, industry or anywhere fluids are present, viscosity must be understood, accounted for and applied.
Organizing Learning: (Why is My Honey Runny?)
Summary:  Students will examine the viscosity of a substance and then attempt to maximally increase and decrease it.

Activity: The student inquiry groups will each be assigned a liquid.  Each group will measure its viscosity through a bead test. The liquid is placed in a graduated cylinder.  Beads/ball bearings of a standard measure (in size and mass) are dropped into the cylinder.  The time it takes for the bead to reach the bottom is the measure of viscosity.  Tall narrow cylinders are desirable for low-viscosity liquids such as water.  

Once a baseline viscosity has been determined, students will experimentally discover the change in viscosity that occurs through both raising and lowering the liquid’s temperature by X degrees Celsius (10 degrees or more).  Depending upon the students’ prior lab experience, this may be accomplished with ice/salt water baths for cooling and hot water baths, teacher-assisted microwave oven use, or alcohol/Bunsen burner use.  All students must wear safety glasses throughout this inquiry.  Safety protocols must be reviewed prior to the use of any heat source.  No volatile liquids such as alcohol or oils shall be exposed to any heat source other than a hot water bath.  No highly volatile or toxic liquids of any kind shall be used.  For safety reasons the teacher may wish to limit the heat source to a hot tap water bath (students place their liquid in a beaker which is then placed in a shallow pan containing hot tap water.

Students will repeat the viscosity test at each temperature.  Students will then experimentally determine the results on viscosity by adding a contaminant.  Students will select a contaminant which they hypothesize will lower the liquid’s viscosity and one which may raise the viscosity.  The students shall add no more contaminant than 10 or 20 percent of the liquid’s volume to the liquid (otherwise the properties of the liquid are overwhelmed by the contaminant).  For example, if students are given 100 ml of a liquid to test, they may add no more than 10ml of contaminant.  Students will thoroughly mix in the contaminant, repeat the viscosity test at room temperature, and record the results.  New samples of the same liquids will be provided to the students so that they may add their second contaminant and repeat the inquiry.

Students will create a line graph showing the results of temperature on viscosity.  They will create a bar graph showing the results of each contaminant on the liquid’s viscosity.  Student teams will share their results in a whole-class discussion, including their hypotheses.  They will be encouraged to add information to their lab notes, which will be used for their assessment.  Generalizations will be made regarding the effects of temperature and contaminants on viscosity (i.e. increased temperature tends to lower viscosity and contaminants tend to increase viscosity).  When contaminants are liquids and mixed with the original liquid (some liquids will not stay mixed), the new viscosity tends to approach an average of the two.

Materials:
· Beakers

· Graduated cylinders

· Beads or ball bearings

· Stopwatches

· Mixing sticks

· Ice
· Salt
Understanding Learning: (Why is My Honey Runny?)
Summary: The students will use a standard definition of viscosity as they write about how it is affected by temperature and contaminants. 

Outline: 

· Formative assessment of viscosity

· Summative assessment of viscosity

A standard definition of viscosity will be provided.  Students will use the results of an inquiry into viscosity (such as the “O” portion of this lesson) to write about the properties of viscosity.

Activity: 

Students will complete written assessments on viscosity.  Students will use their lab notes in order to describe viscosity and how it is affected by temperature and contaminants. 

Formative Assessment

As students prepare for the inquiry ask these or similar questions:

1) What are examples of viscous and non-viscous substances?

2) How did temperature affect viscosity?

3) How did various contaminants affect viscosity?

4) Why is viscosity important?

Summative Assessment

Students can answer the following writing prompt:
1) Explain the concept of viscosity of a fluid.  Be sure to cite what viscosity means and how viscosity can be changed.  Why is it important?

2) Students will summarize the results of their inquiry by completing a formal lab write-up.  The write-up must include: 1) data relating to their experiment, 2) a plot of the temperature test results on a graph, and 3) a discussion of what increases and decreases viscosity.  Depending upon class readings and discussions, the teacher may wish to add a question re: the importance of viscosity in everyday life (especially in regard to motor oils and foods).

Resources:
At the conclusion of this lesson, interested students can explore career connections at the following links:

http://careers.stateuniversity.com/pages/393/Chemical-Engineer.html
http://careers.stateuniversity.com/pages/244/Construction-Equipment-Mechanic.html 
Motor oils


Mineral oil





Beakers or clear cups


Beads.








Materials for supplying heat


Thermometers


Sample liquids such as water, mineral oil, vegetable oil, corn syrup, liquid soap, and honey.  Contaminants such as any of the above liquids, corn starch, salt, sugar, sand, soil, and flour
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