[image: image2.png]



Juniata College
[image: image1.png]



Science in Motion
Juniata College


Go with the Flow:  Incompressible Fluids
Pennsylvania Academic Standards:
Science and Technology: 
3.1.10.B:  Describe the use of models as an application of scientific systems.
3.1.10.C:  Identify and use the elements of scientific inquiry to solve problems.
3.4.10.A:  Describe concepts about the structure and properties of matter.
3.4.10.C:  Explain fluid power systems through the design and construction of models.
3.7.10.A:  Describe the safe and appropriate use of tools, materials, and techniques.
Mathematics:
2.1.8.D:  Apply ratio and proportion to mathematical situations.
2.1.8.G:  Use inverse relationships to determine unknown quantities in an equation.
Reading and Writing:
1.1.8.F:  Understand the meaning of key vocabulary words, and apply them.
1.5.8.F:  Edit writing using the conventions of language.
1.6.8.AD:  Listen and contribute to discussions.
Introduction:
The term fluid dynamics encompasses a discipline of physics that includes all fluids (gases and liquids) in motion.  Gases are compressible fluids, and liquids are incompressible fluids.  Density, surface tension, and viscosity describe three basic properties of fluids.  Density is the mass per volume of fluid.  Surface tension is the tendency of a fluid to resist an external force by minimizing its surface area.  Viscosity is the resistance of a liquid to flow.  All three of these properties are distinctive, intrinsic properties of fluids, and these properties vary with temperature.  
Part A:
Guiding Questions:
1. Why do some substances float while others sink? 
(Discuss after the demonstration of Diet Pepsi™ versus regular Pepsi™.)
2. Can you tell the density of substances by just looking at them? 
(Discuss after the demonstration of “the floating egg.”)
3. What is an intrinsic property? 
(Discuss after the demonstration of “frozen ice and frozen alcohol.”)
Materials:
7-10 mL graduated cylinders, 10 mL of deionized water, 10 mL of olive oil, 10 mL of motor oil A (light), 10 mL of motor oil B (heavy), 10 mL of laundry detergent, room-temperature honey, warm honey, clamp and metal stand, large test tube, automatic pipette (1 mL) and pipette tips, labeling tape.
Safety:
Wear safety goggles.  Don’t eat any of the liquids.  Wash hands after the lab.
Procedure:
· Predict the density of the following fluids:  water, olive oil, motor oil A, and motor oil B, room-temperature honey, warm honey, and laundry detergent.  Then rank them from the least dense to the densest.
· Two different methods will be used to measure mass and volume depending on how “thick” the fluids are.
· Zero the scale with a weigh boat, and use an automatic pipette to measure 1 mL of any one of the following fluids to mass:  water, olive oil, motor oil A, and motor oil B.  Record the masses and the volumes, and calculate densities on Table I.
· For the other fluids (honey, warm honey, laundry detergent), record the following on Table II.  Mass a 10-mL graduated cylinder.  Choose a fluid, and fill the graduated cylinder with about 10 mL of the fluid.  Record the mass of the graduated cylinder with the fluid.  Read the bottom of the meniscus, and record the volume of the fluid in the cylinder to the 100th place by estimating the last place value.  Calculate the density of each of the liquids, using mass divided by volume.
· Rank the experimental density values from the least dense to the densest.
· Using the clamp and the metal stand, clamp the test tube to the stand.
· Build a density column by gently pouring the fluids into the test tube according to the calculated densities and the arrangement you made.  
Note:  Slide the fluids down the side of the test tube.
· Label the test-tube diagram according to your density column.  Save the column.
· Compare the predicted-density arrangement with the experimental-density arrangement.
Data and Calculations:
Predicted Ranking of Density
	
	
	
	
	
	
	

	Least Dense
	
	
	
	
	
	Densest


Table I
	Type of Fluid
	Water
	Olive Oil
	Motor Oil A
	Motor Oil B

	Mass “m” 
(g)
	
	
	
	

	Volume “v”
(mL)
	
	
	
	

	Density “ρ” = m/v (g/mL)
	
	
	
	


Table II
	Type of Fluid
	Room-Temperature Honey
	Warm Honey
	Laundry Detergent

	Mass of Cylinder (g)
	
	
	

	Mass of Cylinder + Fluid (g)
	
	
	

	Mass of Fluid (g)
	
	
	

	Volume of Fluid (g)
	
	
	

	Density of Fluid (g/mL)
	
	
	


Experimental Ranking of Density
	
	
	
	
	
	
	

	Least Dense
	
	
	
	
	
	Densest


Analysis and Questions:
1. Why is using an automatic pipet to measure the volume of honey and detergent difficult?
2. How well does your predicted density arrangement match the experimental arrangement?
3. Why is density an intrinsic property?  
4. Does the density change when the volume of the fluid massed is changed?
5. What are some possible sources of error in this experiment?
Part B:  
Guiding Questions:
1. How many paper clips can you add to a full beaker of water, before it overflows? Why is this possible?  (Experiment, and explain.)
Prediction:
Actual:
2. What happens to water when treated with a drop of dish detergent?   
(Demonstrate sulfur in water with detergent, and discuss.)
3. What is capillary effect?  Where do you see this effect?  
(Demonstrate using Queen Anne’s Lace, and discuss.)
4. Why does a metal paper clip float on water even though the density of a paper clip is greater than the density of water?  (Demonstrate, and discuss.)
5. Why is moving water with a pipette easy, but almost impossible for moving honey? (Experiment, and discuss.)
Materials:
Seven small medicine cups with the following fluids:  water, olive oil, motor oil A, motor oil B, room-temperature honey, warm honey, and laundry detergent; 7 open-ended glass capillary tubes (1.5 mm in diameter); 1-inch x 1.5-ft foam to hold up the capillary tube; one-inch grid, something to prop up the grid, vertically; iPad® with Video Physics© application; 2 test-tube racks; and labeling tape.
Safety:
Wear safety goggles.  Don’t eat any of the liquids.  Wash hands after the lab.  Dispose the glass capillary tubes in the waste container designated for glass.
Procedure:
· Predict the surface tension of the following fluids by ranking them from the fluid with the least surface tension to the fluid with the greatest surface tension:  water, olive oil, motor oil A, motor oil B, room-temperature honey, warm honey, and laundry detergent.
· Fill each medicine cup to the 30-mL mark with the seven different fluids.
· Place the grid vertically, and place the medicine cups in a row in front of the grid.
· Place the test-tube racks on each end of the vertical grid.
· Use the test-tube racks to hold the piece of foam, horizontally (like a bridge) across the medicine cups.
· Gently pierce the foam with the capillary tubes so that the capillary tubes stand vertically over each medicine cup.  See figure below.
[image: image1.png]
· Turn on the iPad®, and choose the Video Physics© application.  
· Add a video by touching the ✚ sign.
· Touch Take a Video.
· Align the image so that the top of the video window is aligned with the grid and so that the image is shot at a 90○ angle.
· Touch the red dot to begin filming, and touch the same dot to stop filming.
· Move your camera so that each medicine cup is the focus of the video at the correct angle.
· To edit the scale, touch |↔| and type Scale =1 and Unit =10 mm.
· Touch the x-y axis, and move the computerized grid that appears on the screen so that the x axis lies on the surface of the liquid in the medicine cup.
· Move the cross hairs to the top of the liquid in the capillary tube, and touch the center.  Move the crosshairs in a vertical direction to the top of the liquid in the medicine cup, and touch the center.
· Touch the image of the graph at the top-right corner of the screen.  A graph then appears with a vertical line.  The height of that line is the height of the capillary rise.  Record this value on Table III, and remember to convert the mm to cm.
· Assume that the diameter of the capillary tube is very small (~1.5 mm) and that the tube is very clean because it is new and unused.  The angle of contact for the bottom of the meniscus and the place where the meniscus forms is almost 0○.
· Record the density values from the density lab in Part I.  Use 980 cm/s2 for the acceleration due to gravity.
· Calculate surface tension using the equation 1/2 ρghr where ρ = density, 
g = acceleration due to gravity, h = capillary rise, and r = radius of the tube.
· Save the surface tension experimental set up.
· Compare the predicted-density arrangement with the experimental-density arrangement.
Data and Calculations:
Predicted Ranking of Surface Tension
	
	
	
	
	
	
	

	Lowest Surface Tension
	
	
	
	
	
	Greatest Surface Tension


Table III
	Type of fluid
	Density “ρ”
(g/mL)
	Acceleration due to Gravity “g”
(cm/s2)
	Capillary Rise “h”
(cm)
	Radius of Tube “r”
(cm)
	Surface Tension “”= 1/2 ρghr
(N/m)

	
	
	980
	
	
	

	
	
	980
	
	
	

	
	
	980
	
	
	

	
	
	980
	
	
	

	
	
	980
	
	
	

	
	
	980
	
	
	


Experimental Ranking of Surface Tension
	
	
	
	
	
	
	

	Lowest Surface Tension
	
	
	
	
	
	Greatest Surface Tension


Analysis and Questions:
1. What are the two forces involved in determining the surface tension of a fluid in a capillary tube?  Explain how they work.
2. How does your predicted-surface-tension arrangement match the experimental arrangement?
3. Is surface tension an intrinsic property?  How can you tell?
4. What does a diver do to break the surface tension of water?  What could be a possible result if the surface tension were not broken when he hit the water?
5. What are some possible sources of error in this experiment?
Part C:  
Demonstrate a lava-lamp effect.
Guiding Questions:
1. Where is density observed in the above demonstration?
2. Where do you observe surface tension in action in the above demonstration?
3. Through which fluid do the bubbles move slower?  Explain why?
4. Why does the lava-lamp effect stop after some time?  Hint:  Identify the bubbles.
Materials:
Seven 1-liter clear-plastic bottles filled with a magnetic marble and one of the following fluids:  water, olive oil, motor oil A, motor oil B, room-temperature honey, warm honey, and laundry detergent; 1 magnetic marble of the same size and type as the ones in the bottles, 7 neodymium magnets, ring stand, white paper to act as screen, iPad® with Video Physics© application, caliper.
Safety:
Wear safety goggles.  Don’t ingest any of the liquids.  Wash hands after the lab.  Don’t play with the magnets.  Don’t open the bottles of fluids.
Procedure:
· Predict the viscosity of the following fluids by ranking them from the fluid with the least viscosity to the fluid with the greatest viscosity:  water, olive oil, motor oil A, motor oil B, room-temperature honey, warm honey, and laundry detergent.
· Find the mass of the magnetic marble, and record it on the data sheet.  Use a caliper to measure the diameter of the magnetic marble, and calculate density of the marble.
How to Read a Caliper
· Once the object is held between the jaws of the caliper, read the outside scale.
· Look for the highest value you can read that lines up with the zero.  The reading on the picture below is 10 mm.
· Notice the place where the markings on the 1/10 scale align with the bottom scale.  The reading on the picture is at 0.2 mm.
· The final reading, therefore, is 10.2 mm or 1.02 cm.
· [image: image2.png]Use the caliper to measure the diameter of the magnetic ball in cm.  Divide the number by 2 to obtain the radius.  Use the radius to find volume of the marble.  Record the radius in Table IV.
How to Time the Fall of a Magnetic Marble Using the iPad®
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Divide up the work between you and your partner.  One person is to be in charge of the “Filming” (below), and the other person is to be in charge of the “Lab Setup.”  The “Timing” procedure can be done by both of you.
Lab Setup:  
· Choose one of the labeled plastic bottles of fluid.
· Use the neodymium magnet to hold the ball at the bottom of the bottle.
· Invert the bottle of fluid, and rest it firmly on the metal ring stand as shown in the picture. 
Filming:
· Turn on the iPad®.
· Tap on the Camera icon.
· The tab on the bottom right corner should be on the video camera.
· If the screen shows you your own image, tap on the camera icon on the top right corner.
· Place the iPad® in front of your laboratory setup, and tap on the red button in the center of the bottom bar.  The button glows when the device is recording.
· Tell your partner to release the ball from the top by removing the magnet quickly while you record the fall of the ball.
· Once filming is completed, tap on the red button on the center of the bar.
· Tap on the picture on the bottom left corner of the screen.
· Play your video by tapping on the triangle.  (Your video is automatically saved.)
· If you are unsatisfied with your video, delete it by tapping on the trash can on the top bar; then try again to film the fall.
Timing:
· Return to the opening menu on the iPad.
· Choose theVideo Physics© application. 
· Tap on the + sign to add your video to the list.
· Tap on Choose Existing video from the pop-up menu.
· Tap on Camera Roll.
· Tap on the last video in the line-up and tap on Use.
· Tap once on the grey bar that appears to make it disappear.
· Play your video.  Notice the two lines on the bottle.  The top line is the starting point, and the bottom line is the ending point.  Watch where the magnetic ball starts and ends.
· Guide the time bar so that you can note the time when the ball starts at the top line on the bottle.  Note the time on the bottom right corner.  Tap the screen to advance the metal ball until it reaches the bottom line.  Record your time in Table IV.
· Tap on My Videos to return to the menu of Video Physics©.
· You may try making another video of a different liquid or use the existing videos on the Video Physics© application to complete your data table.
Data and Calculations:
Predicted Ranking of Viscosity
	
	
	
	
	
	
	

	Lowest Viscosity
	
	
	
	
	
	Greatest Viscosity


Density of Magnetic Ball
Mass of ball __________ g
Radius of ball ___________ cm
Volume of ball (V = 4/3 π r3) ___________ cm3
Density of ball (ρ = mass/volume) _________________ g/cm3
Table IV
	Type of fluid
	Density of Ball-Density of Fluid “∆ ρ” 
(g/cm3)
	Acceleration due to Gravity “g” 
(cm/s2)
	Radius of Ball “r”
(cm)
	Velocity “v” = *13.5 cm ÷ time 
(cm/s)
	Viscosity “μ” = 
(2∆ ρgr2)÷ 9v
(N/m)

	
	
	980
	
	
	

	
	
	980
	
	
	

	
	
	980
	
	
	

	
	
	980
	
	
	

	
	
	980
	
	
	

	
	
	980
	
	
	

	
	
	980
	
	
	


*13.5 cm represents the distance, marked on the bottles, through which the magnetic balls fall.
Experimental Ranking of Viscosity
	
	
	
	
	
	
	

	Lowest Viscosity
	
	
	
	
	
	Greatest Viscosity


Analysis and Questions:
1. If a fluid were to travel through a pipe, where would the viscosity of the fluid be greatest, near the walls of the pipe or toward the middle of the fluid?  Explain.
2. Why is using the right viscosity of motor oil during the winter and the summer important?
3. How would the flow rate of a fluid through a tube vary with the radius of the tube?  
4. If a person’s blood vessels were clogged, how would a doctor use viscosity to prescribe a treatment that would increase blood flow through the blood vessels?
5. Are the rankings for viscosity, surface tension, and density the same for all the liquids?  Explain the differences, if any?
6. If you were to identify viscosity in compressible fluids, what would you call it?
7. What are some possible sources of error in this experiment?
References:
· Capillarity and The Mechanics or Surfaces <<http://www.oup.com/uk/orc/bin/9780199571185/9780199571185_ch02.pdf>>
· Viscosity and Surface Tension <<http://physics.bu.edu/~duffy/py105/Viscosity.html>>
· Viscosity of Motor Oils << http://www.sciencebuddies.org/science-fair-projects/project_ideas/ >>
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